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(■^) In an internal combustion engine, an NO x absor- 
bent (19) adapted to absorb NO* when the air-fuel 
ratio of an entering exhaust gas is low. and dis- 
charge the absorbed NO* when the oxygen con- 
centration of the entering exhaust gas is reduced is 
provided in an exhaust passage. An SO x absorbent 
(18) absorbing SO y when the air-fuel ratio of an 
entering exhaust gas is low, and discharging the 
absorbed SO x when the air-fuel ratio of an entering 



exhaust gas is increased is provided in the portion of 
the interior of the exhaust gas passage which is on 
the upstream side of the NO x absorbent (19). When 
a lean gaseous mixture is burnt, SO* is absorbed in 
the SO x absorbent (18), and NO* in the NO> absor- 
bent (19). When the gaseous mixture is changed 
from, a lean state into a rich state, SO* is discharged 
from the SO* absorbent (18), and NO* from the NO x 
absorbent (19). 
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TECHNICAL FIELD 

The present invention relates to an exhaust 
purification device of an internal combustion en- 
gine. 

BACKGROUND ART 

The present applicant has already proposed an 
internal combustion engine in which a lean air-fuel 
mixture is burned, in which internal combustion 
engine an NO x absorbent which absorbs the NO x 
when the air-fuel ratio of an inflowing exhaust gas 
is lean and releases the absorbed NO* when the 
oxygen concentration in the inflowing exhaust gas 
is lowered is arranged in an engine exhaust pas- 
sage; the NO K generated when the lean air-fuel 
mixture is burned is absorbed by the NO, absor- 
bent before the N0 X absorption capability of the 
NO x absorbent is saturated, the air-fuel ratio of the 
inflowing exhaust gas to the NO* absorbent is 
temporarily made rich so that the NO x absorbent is 
made to reiease the NO K and, at the same time, 
the released NO* is reduced (refer to U.S. Patent 
Application No OS'066.100 or European Patent Ap- 
plication No. 92920904.7). 

However, the fuel and the iubhcation oil of tne 
engine contain sulfur, and therefore SO v is con- 
tained in the exhaust gas. Accordingly, in this inter- 
nal combustion engine, tnis SO x is also absorbed 
into the NO* absorbent together with the NO x 
However, this SO x is not released from the NO> 
absorbent even if the air-fuel ratio of the inflowing 
exhaust gas to the NO x absorbent is made rich, 
and accordingly the amount of SO x in the NO> 
absorbent is gradually increased. However, when 
the amount of SO, in tne NO x absoroent is in- 
creased the amoun' of :he NO. that can be- aL - 
sorbed by the NO x absoroent is gradually lowered 
and finally the NO x absorbent becomes no longer 
able to absorb almost any NO x . Therefore, tne 
present applicant has already proposed an internal 
combustion engine in which a sulfur trap is pro- 
vided in the engine exhaust passage at the up- 
stream side of the NO x absorbent, and the SO> 
contained in the exhaust gas is caught by this 
sulfur trap (refer to U.S. Patent Application No 
08/096.103 or European Patent Application No 
93112260.6). In tnis internal combustion engine, the 
SO x discharged from the engine is caught by the 
sulfur trap, and therefore only the NO x is absorbed 
into the NO K absorbent. 

However, in this internal combustion engine 
the SO x caught by the sulfur trap is continuously 
being caught in the sulfjr trap without being re- 
leased from the sulfur trap even if the air-fuel ratio 
of the exhaust gas flowing into the sulfur trap is 
made rich. Accordingly, the amount of the SO x 



caught by the sulfur trap is gradually increased. 
When the SO x catching capability of the sulfur trap 
is saturated, the SO x passes through the sulfur 
trap, and therefore there arises a problem in that 
5 the SO x is absorbed into the NO x absorbent and 
gradually accumulates in the N O > absorbent. 

DISCLOSURE OF THE INVENTION 

10 An object of the present invention is to provide 

an exhaust purification device wnich can maintain a 
high NO x absorption capability by the NO x absor- 
bent even if the NO x absorbent is used for a long 
time. 

75 According to the present invention, there is 

provided an exhaust purification device of an inter- 
nal combustion engine provided with an exhaust 
passage; an NO x absorbent which is arranged in 
the exhaust passage, absorbs the NO v when the 

20 air-fuel ratio of the inflowing exhaust gas is lean, 
and, at the same time, releases the absorbed NO x 
when the oxygen concentration in the inflowing 
exhaust gas is lowered: an SO x absorbent which is 
arranged in the exhaust passage on the upstream 

25 side of the NO x absorbent, absorbs tne SO x when 
the air-fuel ratio of the inflowing exhaust gas is lean 
and. at tne same time, releases the absorbed SO >: 
when the air-fuel ratio of the inflowing exhaust gas 
is made rich; and an air-fuel ratio control means 

30 which controls the air-fuel ratio of the exhaust gas 
flowing into the SO x absorbent to constantly main- 
tain the air-fue 1 ratio of the exhaust gas flowing into 
the SO x absorbent lean and make the air-fuel ratio 
of the exhaust gas flowing into the SO x absorbent 

35 rich when the SO x should be released from the 
SO x absorbent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Figure 1 is an overall view of an internal com- 

bustion engine; Fig. 2 is a view showing a map of a 
basic fuel injection time; Fig. 3 is a view showing a 
change of a correction coefficient K; Fig. 4 is a 
graph schematically showing a concentration of 

45 unburnt HC and CO and oxygen in an exhaust gas 
discharged from the engine: Figs. 5A and 5B are 
views for explaining an NO x absorption and releas- 
ing function; Fig. 6 is a view showing a releasing 
timing of The NO* and SO x ; Fig. 7 is a flow chart 

so showing an interruption routine; Fig. 8 is a flow 
chart for calculating a fuel injection time TAU; Fig. 
9 is an overall view showing another embodiment 
of the internal comoustion engine: Fig. 10 is an 
overall view showing still another embodiment of 

55 the internal combustion engine, Fig. 1 1 is a flow 
chart for performing the NO x releasing processing; 
Fig. 12 is an overall view showing further another 
embodiment of the internal combustion engine: Ftg. 
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13 is a view snowing a releasing characteristic of 
tne SO,; Fig M :s a view snowing the SO. anc 
NO, releasing Tinning. Fig : 5 :s a viev\ snowing a 
ncn coniFC' a: tne time o! releasing of NO>. Figs. 
16A lu 16C d f cr view*: snowing a relationship oe- 
lAeen various tvoes o f parameters ano a r > exhaust 
gas temperature. Fig. 17 is a v ew snowing tne ncn 

Figs 16AK 
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1 8D a^e views snowing a reiatonsntp between var- 
ious tyoes of oananneters anc tne e>:haust gas 
•cm^-oraturc Fig 19 s a view snowing a map of 
tne exhaust gas temperature: Fig. 20 and 1?1 are 
fiew chartc icx calculating the correction coefficient 
KK Fig 22 ic a flow cha-t for calculating the fuel 
mioction time TAU. Fig 23 is an cveral! view shew- 
ing sttfi another embodiment o* the internal com- 
bustion engme. Fig 24 is a view showing a map o* 
tne Dasic fuel injection time: Fig 25 is a view 
showing the correction coefficient K; Figs 26A anc 
26R arc graphs showing an NO, releasing rate ana 
an SO, reloading rate: Figs 27A and 27B are 
grapns showing a cumulative release of the NO,, 
and SO.. Fig 28 is a timing chant of an SO* 
releasing control. Fig. 29 is a timing chart o' an 
SO, and NO. releasing control Fig. 30 is a timing 
chart of the SO, and NO, releasing control. Fig. 31 
is a timmg chart showing the change of the air-fue' 
ratio of the NO. and SO, releasing control etc.: 
Figs. 32A to 32D are flow charts of a flag switcr 
valve control. Fig 33 is a view showing the map oi 
the exhaust gas temperature T; Fig. 34 is a flow 
chart for calculating the fuel injection time TAU. 
Figs. 35A to 35D are flow chants of the flag switch 
vaive control: Fig. 36 :S a flow chart for calculating 
the fuel injection time TAU Figs 3 T A to 37D are- 
flow charts of the flag switcn valve control; Fg. 38 
is a 'low cnan for calculating the fue iriect.on 'imt 
TAU F ;:: 3 OA •/ 397 a- f::->. •• v •• \ . 
switch valve control; and Fig. 40 is a flow :har. tor 
calculating the fuel injector time TAU. 

BEST MODE FOR WORKING THE INVENTION 

Figure 1 shows a case where tne presen* in- 
vention is applied to a gasoline engine. 

Referring to Ftg. 1, 1 denotes an engine body 
2, a piston, 3, a comDustion chamber: 4. a spark 
plug: 5 an nta*e va ve 6. an intake port; 7 an 
exhaust valve, and 8, an exhaust port; respectively 
The intake port 6 is connected via a conesoonding 
branch pipe 9 to a surcje tank 10. ana fuel injectors 
it for injecting the fuel toward msioe the intake 
port 6 are attached to the respective branch pipes 
9. respectively. The surge tank 10 ts connected via 
ar intake duct 12 and an air ficw meter 13 to an air 
cleaner 14. and a throttle valve 15 is arranged in 
the intake duct 12. On the other hand, the exhaus* 
port 8 is connected via the exhaust manifold 16 
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and tne exhaust pioe 17 tc a casing 20 accom- 
modating an SO> absorbent 18 and an NO, aosor- 
oent 19. The SO y . aosorbent 18 is arranged on the 
upstream siae of tne NO y aDSoroent 19. in tne 
embodiment snown ir; ~ig. 1. the SO >: ausorueot 16 
anc the N 0> absorbent 19 are integrally formec 
us.ng one monoiitnic earner maae o* for example 
alumina 

An electronic control unit 30 comphses a digi- 
tal computer and is provided with a ROM (read 
only remory) 32. a RAM irandom access memoryi 
33. a C P U (microprocessor) 34 an input oort 35. 
and an output port 36. which are mutually con- 
nected by a bidirectional bus 31. The air flow- 
meter 13 generates an output voltage in proportion 
to the intake air amount, and this cutout voltage is 
input via an AD converter 37 to the input port 35 
Also, a rotattona 1 speed sensor 21 generating an 
output pulse expressing the engine rotational 
speed is connectec to the input port 35. On the 
other hand the output port 36 is connected via a 
corresponding drive circuit 38 to the spark plug 4 
and the fuel injector 1 1, respectively. 

In the internal comDustion engine shown in Fig. 
1. the fuel injection me TAU :s calculated based 
on for example the following equation: 

TAU = TP • K 

Here, TP indicates the basic fuel injection time, 
and K indicates the correction coefficient. The ba- 
sic fuel injection time indicates a fuel injection time 
necessary for making the air-fuel ratic of the air- 
fuel mixture fed into tne engine cylinder the 
stoichiometric air-fuel ratio. This basic fuel injection 
time TP is found in advance by experiments and 
stored in advance in the ROM 32 in the fcrm of a 

load Q'N (intake air amount Q engine rotationa: 
speed N) and the engine rotational speed N. The 
correction coefficient K is a coefficient fo r control- 
ling the air-fuel rat-c of the air-fuel mixture fed into 
the engine cylinder, and r K = 1.0. the ar-fuel 
mixture fee into the engine cynnaer becomes the 
stoichiometric air-fuel ratio Contrary to this, when 
K oecomes smaller than 1.0. the air-fuel ratio of the 
air-fuel mixture fed into the engine cylinder be- 
comes larger than the stoichiometric air-fuel ratio, 
that is. becomes lean, while when K becomes 
larger than 1.0, the air-fuel ratio cf the ar-fuel 
mixture fed into tne engine cylinder becomes 
smaller than the stoichiometric air-fuel ratio, that is, 
becomes rich. 

This correction coefficient K is controlled in 
accordance with the operating state of the engine. 
Figure 3 shows one embodiment of control of the 
correction coefficient K. In the embodiment shown 
in Fig. 3, during a warm-up operation, the correc- 
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tion coefficient K is gradually lowered as the en- 
gine coolant temperature becomes higher. When 
the warm up is completed, the correction coeffi- 
cient K is maintained at a constant value smaller 
than 1.0, that is, tne air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is maintained 
lean. Subsequently, when an acceleration operation 
is carried out. the correction coefficient K is made 
for example 1.0, that is, tne air-fuel ratio o1 the air- 
fuel mixture fed into the engine cylinder is made 
the stoichiometric air-fuel ratic. When a full load 
operation is carried out, the correction coefficient K 
is made larger than 1.0, that is, the air-fuel ratio of 
the air-fuel mixture fed into the engine cylinder is 
made rich. As seen from Fig. 3, in an embodiment 
shown in Fig. 3, tne air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is maintained 
at the constant lean air-fuel ratio except at the time 
of a warm-up operation, the time of an acceleration 
operation, and a: the time of a full load operation 
Accordingly in most ot the engine operating re- 
gions, a lean air-fue^ mixture will be burned 

Figure 4 schematically snows the concentration 
of representative components in the exhaust gas 
discharged from the combustion chamber 3. As 
seen from Fig. 4, the concentration of the unburn: 
HC and CO in the exhaust gas discharged from the 
combustion chamber 3 is increased as the air-fuel 
ratio of the air-fuei mixture fed into the combustion 
chambe r 3 becomes richer, while the concentration 
of the oxygen O2 m the exhaust gas discharged 
from the combustion chamber 3 is increased as the 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 becomes leaner. 

The NO x absorbent 19 • accommodated in the 
casing 20 uses for example alumina as the earner 
This carrier carries at least one substance selected 
from alkali metal; su-.rh as potassium K s ; 1 : . . • v 
Na. and cesium Cs, alkali earths such as barium 
Ba and calcium Ca, and rare earths such as lan- 
thanum La and yttrium Y and a precious metal 
such as platinum Pt. Note that, desirably lithium U 
is added to this NO x absorbent 19. Wnen calling 
the ratio between the air and fuei (Hydrocarbons) 
fed into the engine intake passage and the exhaust 
passage on the upstream side of the NO x absor- 
bent 19 the air-fuel ratio of the inflowing exhaust 
gas to the NO, absorbent 19. this NO, absorbent 
19 performs the function ot NO> absorption and 
releasing of absorbing the NO x when the air-fuel 
ratio of the inflowing exhaust gas is lean, while 
releasing the absorbed NO* when the oxygen con- 
centration tn the inflowing exhaust gas is lowered. 
Note that, where the fuel (hydrocarbons) or air is 
not fed into the exhaust passage on the upstream 
side of the NO x absorbent 19, the air-fuel ratio of 
the inflowing exhaust gas coincides with the air-fuel 
ratio of the air-fuel mixture fed into the combustion 



>5 633 A1 6 

chamber 3, and accordingly, in this case, the NO x 
absorbent 19 will absorb the NO x when the air-fuel 
ratio of tne air-fuel mixture fed into the combustion 
chamber 3 is lean, while releases the absorbed 
5 NO x when the oxygen concentration in the air-fuel 
mixture fed intn the combustion chamber 3 is 
lowered. 

When the above-mentioned NO x absorbent 19 
is arranged in the engine exhaust passage, this 

10 NO x absorbent 19 actually performs the NO x ab- 
sorption and releasing action, but there are areas of 
uncertainty about the detailed mechanism of this 
absorption and releasing function. However, this 
absorption and releasing function is considered to 

75 be carried out by the mechanism as shown in Figs. 
5A and 5B. Next, this mechanism will be explained 
taking as an example a case where platinum Pt 
and barium Ba are carried on the carrier, but the 
same mechanism is realizec even if another pre- 

20 cious metal, alkali metal, alkali earths, or rare 
earths is used. 

Namely, when the inflowing exhaust gas be- 
comes considerably lean, the oxygen concentration 
in the inflowing exhaust gas is greatly increased, 

25 and as shown in Fig. 5A, this oxygen O2 is depos- 
ited on the surface of the platinum Pt in the form of 
O:- - or O 2- . On the other hand, the NO in the 
inflowing exhaust gas is reacted with O: - or 0 2 ~ 
on the surface of the platinum Pt and becomes 

30 N0 2 (2NO + 0 2 — 2N0 2 ). Subsequently, a part of 
the produced NO2 is oxidized on the platinum Pt, 
while absorbed into the absorbent, and bonded 
with the barium oxide BaO, white diffused in the 
form of the nitric acid ion NO3 - into the absorbent 

35 as shown in Fig. 5A. In this way, the NO x is 
absorbed into the NO x absorbent 19. 

So far as the oxygen concentration in the in- 
fiowm^ exhaust gas is high, the NO: is Produced 
on the surface of the platinum Pt, and so far as the 

40 NO x absorption capability of the absorbent is not 
saturated, the NO2 is absorbed into the absorbent 
and the nitric actd ion NO;-" is produced. Contrary 
to this, when the oxygen concentration in the in- 
flowing exhaust gas is lowered and the amount of 

45 production of NO2 is lowered, the reaction is ad- 
vanced in a reverse direction (NO; ~ — NO2), thus 
the nitric acid ion NOs~ in the absorbent is re- 
leased in the fo r m of NO2 from the absorbent. 
Namely, this means that, when the oxygen con- 

50 centration in the inflowing exhaust gas is lowered, 
the NO x will be released from the NO >: absorbent 
19. As shown in Fig. 4, when the degree of lean- 
ness of the inflowing exhaust gas becomes iow, the 
oxygen concentration in the inflowing exhaust gas 

55 is lowered, and accordingly when the degree of 
leanness of the inflowing exhaust gas is; lowered, 
even if the air-fuel ratio of the inflowing exhaust gas 
is lean, the NO x will be released from the NO >: 
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absorbent 19. 

Or, trie otne* nan 3 wnen tne air-fue ; raoc 0' toe 
ar -fuel mi-ture tea into tne combustion chamoe' 3 
ss made ri._-.ri an;: tne ar-tue ratto of tne -nfbwtng 
exhaust gas becomes nor;, as snown 'n -i^ 4 a e 
;a' ge amc un: p f jnoumt HC and CD are cis - 
cr.argec fi onr :ne engine, ana tnese unoumt HC 
ar.c 30 & r '_. reai'ec a- v~ vie o.-:yoer O: c o*~ 
tne platinum P: and oxidized- A!sc. when tne air - 
fuel ratio of tne inflowing exhaus 1 gas becomes ic 
r.cn. the o.-yger concentration in the inflowing e>- 
haust gas >.s otromoly lowered, and therefore the 
NO; is released from the aosorbent. and this N0 : . 
is reacted with the unournt HC and CO and r e- 
o.jcec as snow m Fig. 5E In this way when the 75 
NO: no longer exists on the sudace of tne platinum 
P:. the- NO: is s j :cessively released from the 
absorbent. Accordingly, this means that, when the 
ar-fuel ratio of the inflowing e> haust gas is made 
rich. NO,, is releasee from tne NO, absorbent 19 in 20 
a short time 

Namely, wnen the air-fuel ratio of the ntlowmg 
exhaust gas is maoe rich first of all. the unburnt 
HC and CO are immediately reacted with the 0_ " 
or 0-~ or the p.atmum P: and c>:idiced ana subse- 2^ 
querfU if the: unburn* HC and CO still remain even 
r the O: ~ or 0 : ~ on the platinum P: are con- 
sumed, the NO, released from tne absorbent and 
tne NO* discharged f r om the engine are reduced 
bv the;se unburnt HC and CO. Accordingly when 30 
tne air-fjel ratio of tne inficwing exhaust gas is 
miaae rich the N0> absorbed m the N0 X aosorbent 
19 is released m a short time, am in addition, tms 
released NO, is reduced, and therefore this means 
that it is possible to prevent the discnarge x NO* 35 
into the atmosone^e Also, the NO* absorbent 19 
has a funct-on of a resucoor ca'a'yst and therefore 

is maoe tne stoichiometric air-fuel ratio, the N0 X 
released 1 r om the N0 X absoroert 19 is 'educec. 40 
However, where tne air-fuel ratio of the inflowing 
e- haust gas is maoe the stoicniometnc air-fuel 
rat'C, the N0 X c:an oe on'y gradually released from 
the NC» X absorbent 19. and therefore a sligntiy long 
time is required fo" releasing all NO;, absorbed in 46 
the N0 >: absorbent 19. 

When the degree o" leanness of the air-fuel 
ratio of the inflowing exhaust gas is made low as 
mentioned before, even if the air-tuel ratio of the 
inflowing exhaust gas is lean, the NO, is released 50 
from the NO> absoroent 19. Accordingly, so as to 
release the NO* from the NO>. absorbent 19. it is 
sufficient if the oxygen concentration in the in- 
flowing exhaust gas is lowered. Note, if the air-fuel 
ratio of the inflowing exhaust gas is lean even 55 
tnough the NO y is released from the N0 X aosorbent 
19, the NO* is not reduced in the N0 X aosorbent 
19. and accordingly in this case. :t is necessary to 
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provide a catalys: wnicn can reouce the N0 X on the 
downstream siae 0* the N0 > absoroent 19 or feea 
tne reduction agent to the downstream side of tne 
N0> absorbent 19. Qi course, r. is put si bit ic 
reduce the N0> on the downstream side o' the N0> 
absorbent 19 in this way. rout it is rather preferred 
tha* tne N0 X oe 'educed in the NO* aosorbent 19 
Accordingly, wie" the NO, should be -eleased 
from the NO x absorbent 19. it is more preferable- 
tha* the air-fuel natb of the inflowing exhaust gas 
be made tne stoichiometric air-fue! ratio or rich. 

As shown m Ftg. 3, in the embodiment accord- 
ing to the present invention, the ar-fuel -atio of the 
air-fuel mixture- fed into the combustion chamber 3 
is made rich at tne time of the warm-up operation 
and at the time of full load operation aod the a;r- 
fue- ratio of the air-tuel mixture is made the 
stoichiometric air-tuel ratio at the time of the accel- 
eration operation, but in most of the operating 
region other than these, a lean air-fuel mixture is 
burned in the combustion chamber 3. Ir this case 
the air-fuel ratio of the air-fuel mixture burned .n 
the combustion chamber 3 is almost 18,0 or more, 
and in the embodiment shown in Fig. 1. a lean air- 
fuel mixture having an air-fuel hatb of about 20 to 
24 is burned. When the air-fuel ratio becomes 18 0 
or more, even if the three-way catalyst has a re- 
duction property under a lean air-fuel ratio, it can- 
not sufficiently reduce the NO*, and accordingly 
the three-way catalyst cannot be used for reducing 
tne NO> under such a lean air-fue! ratio. Also there- 
is a Cu - zeolite catalyst as a catalyst which can 
reduce the NO v even if the air-fuel ratio is 18 0 or 
more, but this Cu - zeolite catalyst lacKs neat 
resistance and therefore it is not actually prefeired 
tnat tms Cu - zeolite catalyst be used. Accordingly 
in the end there is no way except tha 4 the NO, 

invention be used for amoving the NO x when tne 
air-fuel ratio is 18.0 or more. 

In the embodiment according to the present 
invention, as mentioned above, at the time of tne 
ful. ioad operation, the air-fuel ratio of the ai'-tuei 
mi-ture fed mtc the combustion chamber 3 is 
made rich, while at the time of an acceleration 
operation, the air-fuel ratio of the air-fuel mixture is 
made the stoichiometric air-f uel ratio, and therefore- 
this means tha; the NO x :s released from the NO> 
absorbent 19 at the time of the fuM load operation 
anr; at the time ot the acceleration operation. How- 
ever, when the frequency of such a ful i load opera- 
tion or acceleration operation being carried out is 
small, even if the NO> is released from the NO> 
absorbent 19 only at the time of the full load 
operation and the time of the acceleration opera- 
tion, the absorption capability of NO x by the NO> 
absorbent 19 is saturated during a period when the 
lean air-fuel mixture is burned, and thus the NO x 
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can no longer be absorbed by the NO> absorbent 
19. Accordingly, when the lean air-fuel mixture is 
being continuous! burned, it is necessary to pe- 
riodically make the air-fuel ratio of the inflowing 
exhaust gas rich o" periodically make the air-fuel 
ratio of the inflowing exhaust gas the stoichiometric 
air-fuel ratio and periodically release the NO x from 
the NO x absorbent 19. 

SO x is contained in the exhaust gas, and not 
only NOj,, Sut also SC X are absorbed into the NO* 
absorbent 19. It can be considered that the mecha- 
nism of the absorption of SO x into the NO x 
absorbent 19 is the same^ as the absorption mecha- 
nism of the NO x . 

Namely, when explaining this by taking as an 
e> ample a case where platinum Pt and barium Ba 
are earned on the carrier in the same way as in the 
explanation o* the absorption mechanism of NO X! 
as mentioned before, when the air-fuel ratio of the 
imiowing exhaust gas is lean, the oxygen O2 is 
deposited on the surface of the platinum Pt in the 
fo r m of Or" or O 2- , and the SO x in the inflowing 
exhaust gas reacts with the O2" or 0 2 ~ on the 
surface of the platinum Pt and becomes SO:- . Sub- 
sequently, a part of tne produced SOs is further 
oxidized on the platinum Pt. while absorbed into 
the absorbent, and bonded with the barium oxide 
BaO, while diffused in the absorbent in the form of 
tne sulfuric acid ion SOi 2 ~ to produce a stable 
sulfate BaSO*. 

However, this sulfate BaSOi is stable and dif- 
ficult to decompose, and even if the air-fuel ratio of 
the inflowing exhaust gas is made rich, the sulfate 
BaSO^ remains as it is without decomposition. Ac- 
cordingly,, as the time is elapsed, the sulfate 
BaSOi is increased in the NO* absorbent 19, and 
thus as time elaoses. the amount of NO x that can 
t>; absorbed by trv NO, ah s ••")?+ en* 19 will 
lowered. 

Therefore, in the embodiment according to the 
present invention, so as to prevent the SO x from 
flowing into the NO y absorbent 19 an SO x absor- 
bent 18 which absorbs tne SO x when the air-fuel 
ratio of the inflowing exhaust gas is lean, while 
releases the absorbed SO x when the air-fuel ratio 
of the inflowing exhaust gas becomes rich and. at 
tne same time, has a function of the three-way 
catalyst, is arranged on the upstream side of the 
NO x absorbent 19. This SO x absorbent 18 absorbs 
also NO x together with SO x when the air-fuel ratio 
of the exhaust gas flowing into the SO x absorbent 
18 is lean, bu; releases not only the absorbed NO x , 
but also the aosorbed SO x when the air-fuel ratio of 
the exhaust gas flowing into the SO x absorbent 18 
is made rich. 

As mentioned above, in the NO x absorbent 19, 
when the SO > is absorbed, a stable sulfate BaSO* 
is formed, and as a result, even if the air-fuel ratio 
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of the exhaust gas flowing into the NO x absorbent 
19 is made rich, the SO >: no longer will be released 
from the NO x absorbent 19. Accordingly, so as to 
release the SO x from the SO x absorbent 18 when 

5 the ai^-fuel ratio of the exhaust gas flowing into the 
SOv absorbent 18 is made rich it becomes neces- 
sary to make the absorbed SO x exist in the absor- 
bent in the form of the sulfuric acid ion SO* 2 ", or 
to make the sulfate BaSO* exist in the absorbent in 

70 an unstable state even if the sulfate BaSOc is 
produced. As the SO x absorbent 18 enabling this, 
use can be made of an absorbent which carries at 
least one member selected from a transition metal 
such as cooper Cu, iron Fe, manganese Mn, and 

75 nickel Ni, sodium Na, tin Sn, titanium Ti, and lith- 
ium Li on a carrier made of alumina. In this case, it 
is clarified that the absorbent carrying the lithium Li 
on the carrier made of alumina is the most pre- 
fered. 

20 In this SO* absorbent 18, when the air-fuel ratio 

of the exhaust gas flowing into the SO* absorbent 
18 is lean, the SO x contained in the exhaust gas is 
oxidized on the surface of tne absorbent and ab- 
sorbed into the absorbent in the form of the sulfuric 

25 acid ion SO* 2- and then diffused in the absorbent 
In this case, when the platinum Pt is caught on the 
carrier of the SO y absorbent 1 8. SO x becomes 
easily adhered onto the platinum Pt in the form of 
SO3 2 ", and thus the SO- becomes easily absorbed 

30 into the absorbent in the form of the sulfuric acid 
ion SO* 2- . Accordingly, so as to promote the ab- 
sorption of the SO2. preferably the platinum Pt is 
carried on the carrier of the SO x absorbent 18. As 
mentioned above, when the air-fuel ratio of the 

35 exhaust gas flowing into the SO x absorbent 1 8 
becomes lean, the SO* is absorbed into the SO> 
absorbent 18. and accordingly only the NO >: :s 
absorbec into the NO, absorbent 19 provided ci 
the downstream side of the SO x absorbent 18. 

4C On the other hand, as mentioned before, the 

SO x absorbed in the SO x absorbent 18 has been 
diffused in the absorbent in the form of the sulfuric 
actd ion SOc 2 ~, or has become the sulfate BaSO< 
in an unstable state. Accordingly, when the aii-fue! 

45 ratio of the exhaust gas flowing into the SO >: absor- 
bent 18 becomes rich, the SO >; absorbed in the 
SO x absorbent 18 will be released from tne SO> 
absorbent 18. At this time, the NO x is simulta- 
neously released from the NO x absorbent 19. 

50 As mentioned before, when the NO- on the 

surface of the platinum P: no longer exists, in the- 
NO x absorbent 19, the reaction is immediately ad- 
vanced in the direction of (NO3" — NO:), and the 
NO x is immediately released from the absorbent 

55 When the air-fuei ratio of the exhaust gas flowing 
into the NO x absorbent 19 is made rich, the NO; 
on the surface of platinum Pt is immediately re- 
duced by the unburnt HC and CO, and therefore 

7 
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the NO: on the surfa:e of tne p.atinun Pt imme- 
diateiy disappears, and thus, as shown in Fig 6. 
tne NO> w.li be released from, the NO, absorben: in 
a snort time. Namely . tnis means tnat trie NO x 
ceasing speed of tne NO, aosorben; 19 is consid- 
er ao y high. 

Contrary to tnis . tne SO> absorbed in tne SO x 
absoroent 16 =s drncult tc decompose since it is 
mz.re stable tnar tne NO, absorbed -r. the NO x 
absorbent 19. The oecomposition of this SO K ;s not 
caused unless the air-rue! ratic of the exhaust gas 
flowing into the SO x absorbent 18 is made rich. 
Namely when the atr-fuei ratic of the exhaust gas 
flowing into the SO> absorbent 18 ts made ncm the 
SI, in the SO >: absorbent 18 is decomposed ana 
released f-orn tne absorbent. This decompc sition 
soeed is considerably slow, and thus, as shown in 
Fig 6 ; even if the air-fjei ratio of tne inflowing 
e>haost gas to tne SO, absorbent 18 is maae rich 
a iong time is required un:il tne releasing of the 
SO* is completed in comparison with NO K . Namely 
th:s means that the:- releasing speed of the: SO K is 
considerably slow m comparison with the releasing 
speed of the NO >: 

As mentioned before, when the NO* should be 
released from the NO v abscbent 19. preferably the 
ait -fuel ratio o' the inhowing e-maust gas is made 
the stoichiometric air-ue; ratio or rich. However, if 
the air-fuel ratio of the inflowina exhaust gas is not 
made rich, the SO, is not released from the SO >: 
absorbent 18 Accordingly, in me embodiment ac- 
cording to the present invention, when the SO >; 
should oe released from the SO x absoroent 18 and 
the- NO x should be released from the NO x absor- 
oent 19, the air-fuel ratio of the inf owing e>haust 
gas is made rich. 

When the atr-kei ratic of tne inflowing e^haus* 
j .f is made n:h h ■: :JO. i= ■ - fro-r ::v SO 

absorbent 18, and the; NO. ( is releasee from tne 
NO x absorbent 19. However, if the SO, released 
torn the SO* absorbent 18 flows into the NO> 
absorbent 19 when the NO: is being releasee from 
tne NO, absorbent 19. the SO; and the NO; are 
reacted in the NO> absorbent 19 (SO; + NO; — 
SO, + NO), and thus the produced SO; is ab- 
sorbed into the NO x absorbent 19 in the fonm of 
SO^~. However, as mentioned oefore, the releasing 
speed of the NO x is considerably slower than the 
releasing speed ot the SO x as showr in Fig. 6. and 
accordingly the most part of the SO: released from 
tne SO> absoroent 18 flows into the NO, aosorben: 
19 after the NO, releasing action from the NO> 
absorbent 19 is completed. Accordingly, the 
amount of SO x absorbed into the NO, absorbent 19 
becomes small. 

On the other hand, in the embodiment shown 
m Fig. 1, the releasing action Df the SO* from the 
SO x absorbent 18 and the releasing action of the 
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NO y from the NO x aDso'bent 19 are earned out 
when the predetermined amount o' NO x is ao- 
so'bec into the N0> absorben: 19. fo r example, the 
NC' X ausurbeni 19 aosorbs the NO x in an amount o f 

t 5C 1 percent .,ased on the :ota ! aosorpoon capability 
of the same. Tne amount of the NO> absorbed into 
the NO., aosorcem 19 is in proportion tc tne 
amount ~J the exhaust gas discnarged from engine 
anc the NO x concentration m the exhaust gas l-^ 

to this case, the e<naust gas amount is in proportion 
to tne intake air amount, and the concentration ot 
NO x in the exhaust gas is ir proportion tc the 
engine load, and therefore the amount of NO> 
ansoroed into the NO y absorbent 19 oecomes cor- 

76 rectly in proportion to the intake air amoun* ano 
engine load. Accordingly, the amount of the NO,, 
absoroedin the NO x absorbent 19 can be estimated 
from the cumulative value of the product of the 
mtaKe a : r amount and the engine load but in tne 

20 embodiment shown in Fig. 1. it is simplified and 
the amount of NO x absorbed in the NO y abso-ben: 
19 is estimated from the cumulative value of the 
engine rotational speed. 

Next, an emanation will be made of one em- 

25 bodiment of the absorption and releasing control c* 
tne NO x absorbent 19 referring to Fig. 7 and Fig. 8. 

Figu r e 7 shows an interruption routine execut- 
ed at every predetermined time inte r val. 

Referring to Fig. 7 first of all, at steo 100. it :s 

30 determined whether o r not the correction coeffi- 
cient K with respect to the basic fuel injection time 
TP is smaller than 1.0, that is, whether or not a 
lean air-fuel mi -cure is being Durned. When K < 
1 .0, that is. when a le^an air-fuel mixture is being 

35 burned, the processing routine goes tc step 101. at 
which the result of addition of INE to me current 
engine rotational speed NE is made INE. Ac cor d- 
ir- :: ; v th s L NE :n 1ioa~es the c jmula* v~- /as j- "■' 
tne- engine rotational speed NE. Subsequently, a* 

40 step 102. it is determined whether or not the cu- 
mulative rotat'ona 1 speec TNE is larger tnan tne 
constant value SNE. This constant value SNE in- 
dicates the cumulative rotational speed *rom whi: r - 
it :s estimated that the NO x in an amount of tor 

45 example 50 pe-cent based on the total NO, ao- 
so-ption capability of the NO x absorbent 19 has 
been absorbed m the NO K absorbent 19. When 
INE < SNE. the processing cycle :s completed, 
while when L!NE > SNE, that is. when i: is es- 
se timated that the NO, in an amount of 50 percent 
based on tne total NO, absorption capability of tne 
NO y absorbent 19 has been absorbed .n the NO x 
absorbent 19. the processing routine goes to step 
103, at which the NO x releasing flag is set. When 

55 the NO x releasing flag is set. as will oe mentioned 
later, the air-fuel ratio of the au-fuel mixture to be 
fed into the engine cylinder is nnade rich. 
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Subsequently, at step 104, the count value C is 
incremented exactly by one. Subsequently, at step 
105. t i s determined whether or not the count value 
C bucomes larger than the constant value Co. that 
ib whether ur not for example 5 seconds have 
elapsed When C £ Co, the processing routine is 
completed, and when 2 becomes smaller than Co. 
the processing routine goes to step 106, at which 
the NO. releasing flag is reset. When the NO> 
releasing flag is reset, as will be mentioned later, 
the air-fjcl ratio of the air-fuel mixture fed into tne 
engine cylinder is swixched from rich to lean, and 
thus the air-fuel ratio cf the air-fuel mixture fed into 
the engine cylinder is made rich for 5 seconds 
SubsoqL>ontty , at step 107, the cumulative rota- 
tional spood LNE and the count value C are made 
zero 

On the ctrh t hand, at step 100, when it is 
decioed that K ,* 1 0 thai is when the air-fuel ratio 
ot the air-'iM*i muiurc being fed into the engine 
cylinder is Ttv M;-*, - hmmotnc air-fuel ratio or rich 
the pfocrss^rvj rim?**-. g*-v>s to step 108, at which it 
is de:ermtn»>i ( -* not the state of K k 1.0 is 

continued 1c* -to' mined time, for example. 

10 seconds w^t, ukj state of K S 1.0 is not 
continued lc* r> [x^vto-mmed time, the process- 
ing cycle is ct»rnc*» tud and when the state of K ^ 
1.0 is continual K* tne constant time, the process- 
ing routine oxet i<j skp 109, at which the cumula- 
tive rotational st»w: LNE is made zero. 

Namely. *n*^i uk time during which the air- 
fuel ratio of tne at'-'uel mixture fed into the engine 
cylinder is ma<1e tne stoichiometric air-fuel ratio or 
rich continues k* at out 10 seconds, it is consid- 
ered that the m<^! rkjM o' the SO >; absorbed in the 
SO* absorbert 18 was released and, at the same 
time, the mot/ i ,t<' >? 'he NO >: absorbed in the NO> 
absorbent 19 ^...'1 an;;; accordingly, m this 

case, the currui^t.v rotational speed IINE is made 
zero at step 109 

Figure 8 su>*^ a calculation routine of the 
basic fuel in-o*:^* t«mo TAU, which routine is 
repeatedly execiUrO 

Referring to F » ; 8 first at step 200. the basic 
fuel injection tin-e TP is calculated from the map' 
shown m Fig 2 Subsequently, at step 201, it is 
determined wnetnor or not the operation state is 
that where the comt>usiion o f a lean air-fuel mixture 
should be earned out When it is not the operation 
state where the combustion of a lean air-fuel mix- 
ture should be earned out. that is, at the time of tne 
warm-up operation or the time of the acceleration 
operation or the time of tne full load operation, the 
processing routine |jt-i> to step 202, at which the 
correction coeMicKjf t K is calculated, At the time of 
the engine warm-up cperatiun. this correction co- 
efficient K is a function of the engine coolant tem- 
perature and becomes smaller within the range 



where K > i .0 as the engine coolant temperature 
becomes higher. Also, at the time of the accelera- 
tion operation, the correction coefficient K is maae 
1.0, and at the time of the full load operation the 

5 correction coefficient K is made a value larger than 
1 .0. Subsequently, at step 203, the correction co- 
efficient K is made Kt, and then at step 204, the 
fuel injection time TAU ( = TP • Kt) is calculated. 
At this time, the air-fuel ratio of the air-fuel mixture 

70 fed into the engine cylinder is made the 
stoichiometric air-fuel ratio or ricn. 

On the otner hand, when it is determined at 
step 201 that it is the operation state where the 
combustion of a lean air-fuel mixture snould be 

is carried out. the processing routine goes to step 
205, at which it is determined whether or not the 
NO> releasing flag has been set. When the NO x 
releasing flag has not been set, the processing 
routine goes to step 206, at wnich the correction 

20 coefficient K is made for example 0.6, and then at 
step 207, after the correction coefficient K is maae 
Kt, the processing routine goes to step 204. Ac- 
cordingly, at this time, the lean air-fuel mixture :s 
fed into the engine cylinder. On the other hand, 

25 when it is decided at step 205 tnat the NO x releas- 
ing fiag is set, the processing routine goes to step 
208, at which the predetermined value KK is made 
Kt, and then the processing routine goes to step 
204 This value KK is a value of about 1.1 to 1.2 

30 with which the air-fuel ratio of the air-fuel mixture 
fed into the engine cylinder becomes about 12.0 to 
13.5. Accordingly, at this time, the nch air-fuel 
mixture is fed into the engine cylinder, whereby the 
SO* absorbed in the SO >: absorbent 18 will be 

35 released and. at the same time, the NO* absorbed 
in the N0 X absorbent 19 will be released. 

Figure 9 shows another embodiment. In th s 
embodiment, the same ronsti'uent elements £S 
tnose shown in Fig 1 are indicated oy the same 

40 symbols. 

As shown in Fig. 9, in this embodiment, an 
exhaust manifold 16 is connected to the inlet por- 
tion of a casing 41 containing an SO x absorbent 40, 
and the outlet portion of the casing 40 is connected 

45 via the exhaust pipe 42 to the inlet portion of a 
casing 44 containing an NO x absorbent 43. Also in 
this embodiment, when the lean air-fuel mixture .s 
being burned in the combustion chamber 3, the 
SO > is absorbed into the SO* absorbent 40 and, at 

50 the same time, the NO x is absorbed intc tne NO x 
absorbent 43. On the other hand, when the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, the SO x is released from 
the SO y absorbent 40. and the NO> is released 

55 from the NO x absorbent 43. 

Figure 10 shows a case where the present 
invention is applied to a diesel engine Note that, in 
Fig. 10. constituent elements the same as those 
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snown :n Fig i are indicated by the same sym- 
bols. 

In the diesei engine, usually ir al operation 
slates, combustion is pe r fo r mej in a state wnere 
ar air excess rate is 1.0 o r more, tna; it, trie 
average air-fue' ratio of me ar-fuel mixture in tne 
combustion cnamoer 3 is lean. Accordingly, tne 
SO. discha-gec a: tn s time :5 acscoed m:c tne 
SO, absorbent 18. and the NO, discharged at tms 
time is absorbec m*o the NO> absorbent 19. On tne 
otner hana. when, tne SO, snoula be releasee from 
the SO x aosorbent 1£ and. at the same time, the 
NO, should be released from the NO x absorbent 
1& tne air-fuel ratic of the exhaust gas flowing int: 
the SO> absorbent 18 and the NO>. absorbent 19 is 
made rich in th;s case, ir tne embodiment shown 
in Fig. 10. the ave-age air-fuel ratio of the air-fue! 
mi. ture in tne combustion chamber 3 is made lean 
anc the hydrogen carbide is fee into the engine 
exhaust passage on the upstream side of the SO> 
absorbent 18 whereby the air-fuel ratio of the 
m f lowing e>haust gas to the SO* absorbent 18 anc 
the NO, absorbent i9 ts maae ncn. 

Referring to Fig 10. in tms embodiment, a load 
sensor 51 generating an outpjt voltage in propor- 
tion to an amiount of depression of an accelerator 
pedal 50 is provide J. and the output voltage o* tnis 
load sensor 51 is input via the AD converter 52 to 
the input port 35. Also, in this embodiment a 
reduction agent feeding valve 60 is arranged in an 
exhaust pipe: 1^, wh:ch reduction agent feedinq 
valve 60 is connec:ed via a feeding pump 61 to a 
reduction agent tan* 62. The output port 36 of the 
electronic control unit 30 is connected via drive 
c re jits 38 to the reduction agent feeding valve 60 
and the feeding pump 61. respectively, In the -e- 
curtion agent tan I- 62. a hvo'ocanbcn such as 

lamp oi , . o- a hydrocarbon which can be stored in a 
liquid state, for e> ample butane or propane is 
filled. 

In this embodiment, the air-fuel mixture in the 
combustion enamour 3 is usually ourned unoer an 
excess of air. that ic . . in a state where the average 
a«r -fuel ratio is lean. At th-s time, the SO, dis- 
charged from the eng,ne is absorbed into the SO> 
absorbent 18 and at tne same time, the NO >: 
dischargee trom the engine is absorbed into tne 
NO, absorbent 19. When the SO y should be re- 
leased from the SO. aosorbent i£ and. at the same 
time the NO, should be released from the NO> 
absorbent 19, the feeding pump 61 is driver and. 
at the same time, the -eduction agen: feeding valve 
60 is opened, whereby the hydrocarbon filled in tne 
reduction agent tank 62 is fee from the reduction 
agent feeding valve 60 tc the exhaust pipe 1 7 for a 
constant time, for example, about 5 seconds to 20 
seconds. The amount of feeding of the hydrocar- 



bon at this time is determined so that the ar-fuel 
"atto of the inflowing exhaust gas flowing into the 
SO x absorbent 18 anc tne NO> absorbent 19 be- 
comes rtuh. and , _'ur Chugi y . a; this time. ;he SC> 
f wti; be released , _.m the SO> absorbent 16, ana 
the NO> will be released from the NO> aoso'bent 
19. 

Figure 11 shows a routme fcr executing this 
NO x releasing processing whicn routine is execut- 
ed by interruption at every predetermined time 
interval. 

Referring to Fig 11 first of al.. at step 300, the 
result o* addition of I NE to the current engine 
rotational speed NE is made INE. Accordingly, this 

7 ? INE indicates the cumulative value of the engine 
rotational soced NE. Subsequently at step 301 . -t 
is determined whether or not tne cumulative rota- 
tional speed INE is larger than the constant value 
SNE. This constant value SNE indicates the cu- 

20 muiative rotational speed from which it is estimated 
tnat the NO K in an amount of for example 50 
percent based on the total NO K absorption capac- 
ity of the NO„ absonbent 19 has been absorbed in 
tne NO, absorbent 19. When INE < SNE. the 

2: processing evele is completed. whHe when INE > 
SNE, that is. when it is estimated that the NO* in 
an amount of 50 oercent based on the total NO, 
absorption capability of the NO, absorbent 19 ha? 
b€>en absorbed in tne NO* absorbent 19. the pro- 

30 cessmg routine goes to step 302. at which the 
feeding pump 61 is driven for a constant time, for 
e> ample, for about 5 seconds to 20 seconds. Sub- 
sequently, at step 303. the reduction agent feeding 
vatve 60 is opened for a constant time, for exam- 

35 pie. for about 5 seconds to 20 seconds, and then 
at step 304 the cumulative rota:ional speed INE is 
made zero. 

FiCj,/T 1 2 • • I- f,/th-- :-■ ^ '\-.r-:, f\t V " 

tnat. in Fig. 12, constituent elements the same as 
40 tnose shown in rig. 1 are indicated by the samt 
symbols. 

Referring to Fig. 12. in this embodiment, a 
temperature sensor 22 is arranged in trie exhaust 
pipe 17 on the upstream side of the casing 20 

45 This temperature sensor 22 generates an ojtpu* 
voltage in proportion to the exhaust gas tempera- 
ture flowing in the exhaust pipe 17. and this outpu* 
voltage is input to the input port 35 via the AD 
convener 37. Further, m this embediment. a 

50 bidirectional bus 31 is connected tc a backup RAM 
33a always connected :c the power source. 

This embodiment prevents the SO x released 
from the SO v absorbent 18 from being absorbed 
into the NO, absorbent 19 as much as possible. 

55 Note that, in this embodiment, tne releasing control 
of the SO x and NO* is carried out considering also 
the temperature of the SO x absorbent 18. Accord- 
ingly, first of all, an explanation will be made of a 
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relationship between the temperature of the SO* 
absorbent 18 and the releasing function of the SO*. 

Namely, tne decomposition function of the SO> 
absorbed in the SO >; absorbent 18 depends on the 
temperature of the SO* absorbent 18. and the 
decomposition becomes mnrft difficult as the tem- 
perature of the SO x absorbent 18 becomes lower 
Accordingly, as the temperature of the SO x absor- 
bent 18 becomes lower, the SO x becomes harder 
to be decomposed unless the air-fuel ratio of tne 
air-fuei mixture flowing into the SO x absorbent 18 is 
made rich, and thus this means that the SO x is not 
released from the SO x absorbent 18. Figure 13 
shows a relationship between the air-fuel ratio A'F 
of the inflowing exnaust gas with which the SO> 
absorbent 18 can release the SO x and the tem- 
perature T of the SO x absorbent 18. It is seen from 
Fig. 13 that so as to release the SO, the air-fuel 
ratio of the exhaust gas flowing into the SO x absor- 
bent 18 must been made richer as the temperature 
T of the SO> absorbent 18 becomes lower. 

Also in this embodiment, when the NO> and 
SO x should be releasee, the air-fuel mixture fed 
into the combustion chamber 3 is periodically 
made rich, and Fig. 14 shows a timing at which tne 
air-fuel rati d of the air-fuel mixture is made rich in 
this way. Note that, in Fig. 14, P indicates a timing 
at which the NO y is released from the NO y absor- 
bent 19. and Q indicates a timing at which the SO> 
is releasee from the SO* absorbent 18. As seen 
from Fig. 14, so as to release the NO* from tne 
NO x absorbent 19, tne period for which the air-fuel 
raiio of the ar-fuel mixture is made rich is consid- 
erably short, and the air-fuel ratio of air-fuel mixture 
is made rch with a proportion of one time per 
several minutes. On the other hand, the amount of 
SO >: contained in the exhaust gas is considerably 
smaller in ^.om par; son with the amount of NO. an-- 
therefore a considerably long time is taken until tne 
SO x absorbent 18 is saturated by the SO*. Accord- 
ingly, the penod for which the air-fuel ratio of air- 
fuel mixture is made rich so as to release the SO> 
from the SO x absorbent 18 is considerably long, for 
example, the air-fuel ratio of ar-fuel mixture is 
made rich AMth a proportion of one time per several 
hours. 

As shewn tn Fig. 6, when the air -fuel ratio of 
the air-fuel m-xture fed into the combustion cham- 
ber 3 is made rich, the NO* is released from the 
NO, absorbent 19 in a short time, but a consider- 
ably long t me is required until the SO x is released 
from the SO> absorbent 18. Accordingly, in this 
embodiment, a time for which the air-fuel ratio of 
air-fuel mixture is continuously made rich so as to 
release the SO x is made considerably longer than 
the time for which the air-fuei ratio of air-fuel mix- 
ture is continuously made rich so as to release the 
NO x . For example, in contrast to a fact that the air- 



fuel ratio of air-fuel mixture is made rich for about 
several seconds when the NO x is to be released, 
the air-fuei ratio of air-fuel mixture is made ncn for 
about several minutes when the SO x is to be re- 

5 leased. In this way, the air-fuel ratio of air-fuel 
miv+Mr0 13 made rich over a long time when the 
SO x is released, out as mentioned above, a period 
for which the air-fuel ratio of air-fuel mixture is 
made rich for the release of the SO x is long, and 

id therefore a great increase of the fuel consumption 
amount will not be caused by this. 

Figure 15 shows a rich control of the air-fuel 
mixture when releasing the NO x (P of Fig. 14). Note 
that, Kt indicates the correction coefficient with 

75 respect to the basic fuel injection time TP. 

As shown in Fig. 15, when the NO* should be 
released from the NO x absorbent 19, the air-fuel 
ratio of the air-fuel mixture air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 is 

20 made rich by increasing the correction coefficient 
Kt up to KK {> 1.0). and then maintained at this 
rich state only for the time C- . Subsequently, the 
correction coefficient Kt is gradually reduced, and 
then the correction coefficient Kt is maintained at 

25 1.0. that is, the air-fuei ratio of the air-fuei mixture 
fed into the comoustion chamber 3 is maintained at 
the stoichiometric air-fuel ratio. Subsequently, when 
the time C? has elapsed when the nch control is 
started, the correction coefficient Kt is made small- 

30 er than 1 .0 again, and the combustion of the lean 
air-fuel mixture is started again. 

When the air-fuel ratio o* the air-fuel mixture 
fed into the combustion chamber 3 becomes rich 
(Kt = KK). the most part of the NO> absorbed in 

35 the NO x absorbent 19 is abruptly released. The 
value of the correction coefficient KK and the time 
C- are determined so as to generate the unburn- 
H C s n i GO i r i a n s m o ■ ■ ' t n e c e s s a r v f n '■' c > n s l j m i r c 
the O; - or 0 2 ~ on the surface of the platinum Pi 

40 and reducing the whole NO x at this time. In this 
case, as the exhaust gas temperature becomes 
higher and the temperature of the NO x absorbent 
19 becomes higher, the amount of the NO x re- 
leased from the NO x absorbent 19 is increased 

45 Accordingly, as shown in Fig. 16A, the value of the 
correction coefficient KK is made larger as the 
exhaust gas temperature T becomes higher, and as 
shown in Fig. 16B. the time C- is made shorter as 
the e>haust gas temperature T becomes higher. 

so Note that, a relationship between the correction 
coefficient KK and the exnaust gas temperature T 
shown in Fig. 16A and the relationship between the 
time C- and the exhaust gas temperature T shown 
in Fig 16B are stored in advance in the ROM 32. 

55 On the other hand, as mentioned before, when 

the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 becomes rich (Kt - KK), 
the most part of the NO* absorbed in the NO x 
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absorbent 19 i£ abruptly released, and tnereafter 
ever it tne air-lje' ratio has been made rich, tne 
NO, it released from tne NO y absorbent IS only 
htiie b> nine A^cur d 1 r q i \ , when tne ai r -f uei ratio is 
CL'Miinuuubly m c <J t rich, tr it' unburn! HC and CO 
w I b»_ 10 leasee into tne atrnosohere Therefore, ir. 
tni£ e^jooimen: as shown in rig. 15. afre- tne arr- 
fu»:' ratio is made rich (K: = KKj. tne degree o* 
richness is made gradually smaile-, and subse- 
quently the air-fuet rat^o is maintained at the 
stoichiometric ar-fuel 'atio (Kt = 1.0). and the NO> 
grodjaly released from tne NO* absorbent 18 is 
sequentially reduced. 

Note tnat. as the amount of the NO. released 
from the NO, absorbent 19 is large" wrier the air- 
fuei ratio is made rich, the amount of the NO x 
released from the NO. absorbent 19 becomes 
smaller and accordingly a time until the NO>. ab- 
sorbent 19 cnO ( „ riVasmg NO x becomes short. As 
mentioned t>tr* t as tne exhaust gas tempe-ature 
T becomes hgrvn the amount of the NO„ released 
from the NO, af *t*»nt 19 hocomes laroer when 
the air-tun rab<-> if m^V' rich, and aecoidingly. as 
Shown in Fig tCC a time C of from when the air- 
fue! ratio is ma<v r«;h to when (t is returned to lean 
again is made shorten as the exhaust gas tempera- 
ture T becomes rughof Note that, a relationship 
between the time C. and the exhaust gas tempera- 
ture T shown tn Fig 16C is stored in advance in 
tne ROM 32 

Ir, this way. KK. C- . and C: are controled in 
accordance with the exhaust gas temperature T. 
ano when the e*haus* gas temperature T is high 
the correction coefficient Kt is changed with a 
pattern indicated by a solid (me of Fig 15. and 
changed with a partem indicated by a broken line 
o' Fig 15 when tn*- c*haust gas *emoera:ure T is 

t je- rale of air-Kiel miKture is rich is short ano 
tnerefore almost no SO, is released from the SO, 
absorbent 18. and substantially only tne NO.< re- 
leasing action from the NO, absorbent 19 is camec 
out. 

Figure 17 sho*s the 1 nch control of the air-fue" 
mi<ture when the SO. is released (Q m F13 14). 

As shown m Fig 17, even when the SO>. 
should be released from the SO* absorbent 18. the 
ar-fuel ratio of the air-rue: mixture fed into the 
combustion chamber 3 is made rich b> increasing 
the correction coefficient Kt up t: KK TO), anc 
tnen maintained at this rich state only to- the time 
C Subsequenfy , the correction coefficient Kt is 
gradually reduced and then the correction coeffi- 
cient Kt is mamtairtexJ at Ko (> 1.0), that ts the air- 
fuei ratio of the air-tuel mixture led into the com- 
bustion chamber 3 is continuously maintained rich. 
Nameiy. when the SO, should be released, first of 
all. the air-fuel ratio of air-fuel mixture is made very 
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rich up to the first degree of richness (Kt = KK). 
and thereaner maintained a; a second degree of 
nenness (Kt = Ken smaller tnar this firs: degree of 
richness (Kt = KK). Subseouentiy . when tne time 
C; has elapsed wner tne rich control is started, trie 
correction coefficient Kt is made smaller than 1 0 
again, and the combustion o ; tne lean air-fuei ma- 
ture is startec a 3 am Note tna: tne time C : wner 
the SO> is released is considerably longer tn com- 
parison with tne time C- at tne time of releasing -y 
the NO> shown m F,g. 15 and for example s aoou* 
3 minutes to 10 minutes. 

As mentioned before, the SO> releasing soeed 
from the SO >: aoso-bent 18 is conside^ab'y slow 
and accordingly even if the air-fuel natic of the a r- 
fue! mi>ture is continuously maae ricn, the releas- 
ing of the SO x cannot be completed in a short time 
Namely, making the air-fuel ratio of the ar-fuei 
mature very ricn leads to only ar increase of the 
fue : consumption amount. Accordingly, wnen the 
SO K should be released, tne air-fuel ratio of the a«r- 
fue : mi>ture is maintained a: the lowest degree of 
richness with wh-oh the NO. can be releasee well 
and this lowest degree of richness is indicated by 
Kc in Fig. 17. Accordingly, if the correction coeffi- 
cient Kt is maintained at Ko. the SO* will be re- 
leased well from the SO* absorbent 18 When the 
SO, should be released irrespective of mis. first r 
all. the air-fuel ratio of air-fue! mi.<:ure is made ve r y 
rich (Kt = KK) Tne reason for this will be e<- 
pla-ned next. 

If the correction coefficient Kt is maintained at 
Ko when the SC> snould be released, the SO, is: 
gradually released from the SO x absorbent 18. At 
th's time, the NO y is simultaneously released fromi 
the NO. absorbent 19. but the degree of richness 
is small, anc therefore the NO>. is gradually re- 
le.^e.i .-:lsc NO., a:: co'-bo-v 19 H- • v v - 

the SO, released from the SO >: absorbent t& 
flowing into the NO. abso-bent 19 when the NO>. is 
gradually released ; rom the NO x absorbent 19 in 
this way. as mentioned before, the NO; and SO: 
react with each othe* (SO: - NO; - SO s + NO) 
an: thus the produced SO- will be absorbed into 
the NO : , absorbent 19 in the form of SO_~. Such a 
reaction is not caused so far as the NO: does no: 
exist, and accordingly so as to prevent the SO: 
from absorption into the NO >: absorbent 19. 1: :s 
necessary 10 prevent tne NO: >rom releasing from, 
the NO* absorbent 19 when the SO y is being 
released from the SO x absorbent 18. For this pur- 
pose, as shown m Fig. 17, wnen tne SO : . should be 
released, first ot all the air-tue! ratio of the air-fue! 
mt'ture iS made; very rich (Kt = KK). 

Namely, when the air-fue! ratio of the air-fue! 
mixture is made very nch (K; = KKi, the most part 
of tne NO: is released from the NO* absorbent *9 
at one time, anc thereafter almost no NO: is re- 
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leased form the NO x absorbent 19 Accordingly, 
thereafter the SO: releasee from the SO x absor- 
bent 18 will not react with the NO- wnen the 
correction coefficient Kt is maintained at Ko. and 
thus a risk of absorption of the SOr into the NO >; 
absorbent 19 is eliminated. 

As mentioned before, when the air-fuel ratio of 
the air-fuel mixture becomes rich (Kt = KK), tne 
most part of the NO x absoroed in the NO x absor- 
bent 19 is abruptly released, and at this time, as 
the exhaust gas temperature is higher, and accord- 
ingly the temperature of the NO x absorbent 19 is 
higher, the amount of the NO x released from tne 
NO, absorbent 19 is increased. Accordingly, as 
shown m Fig. 18A, the value of the correction 
coefficient KK is made larger as the exhaust gas 
temperature T becomes higher, and as shown in 
F.g 18B. the time C< is made snorter as the 
exhaust gas temperature T becomes higher. Note 
that a relationship between the correction coeffi- 
cient KK and The exhaust gas temperature T shown 
m F»g IRA and the relationship between the time 
C< and exhaust gas temperature 7 shown in 
Fig 18B are stored in advance in the ROM 32. 

On the other hand, after the air-fuel ratio of the 
air-fuel mixture is made very rich (Kt = KK). it is 
maintained at a relatively small degree of richness 
(Kt = Ko), and at this time, the S0 X is continuously 
released from the SO x absorbent 18. At this time 
as shown m Fig. 13, as the temperature of the S0> 
absorbent 18, that is the exhaust gas temperature 
T becomes higher, the SO K can be continuously 
released even if the air-fuel ratio A'F of the air-fuel 
mixture is lowered Accordingly, in th:s embodi- 
ment, as the exhaust gas temperature T becomes 
higher, the air-fuel ratio A'F of the air-fuel mixture 
is made smaller. Namely, wnen the exhaus: gas 
temperature T is high, as ■ r -i ; <, bv a c~ " i line 
in Fig. 17, the value of Ko is made relatively small 
and when the exhaust gas temperature T is low. as 
indicated by a broken line in Fig. 17, the value of 
Ko is made relatively large Figure 18C shows a 
relationship between this value of Ko and the ex- 
haust gas temperature T. which relationship is 
stored in advance in the ROM 32. 

Note that, as the amount of the SO x released 
from the SO x absorbent 18 is larger when the air- 
fuel ratio of the air-fuel mixture is maintained rich 
(Kt = Kok a time until tne SO x absorbent 18 
terminates the release of SO* becomes shorter. As 
mentioned before, as the e>haust gas temoerature 
T becomes higher, the decomposition speed of 
SO x becomes faster, and tne releasing speed of 
SO x becomes faster, and accordingly, as shown in 
Fig. 18D, a time Cz from when the air-fuei ratio is 
made rich to when it is returned to lean again is 
made shorter as the exhaust gas temperature T 
becomes higher. Note that a relationship between 
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the time C: and the exhaust gas temperature T 
shown in Fig, 18D is stored in advance in the ROM 
32. 

As shown in Figs. 16A to 16C anc Figs. 18A to 

5 18D, the various values KK, Ci , Ko. and C2 are 
f 1 mr-tinn^ nf thp> pvhand qpc temperature T and in 
this embodiment, this exhaust gas temperature T is 
detected by the temperature sensor 22. In this way, 
it is also possible to directly detect the exhaust gas 

70 temperature T, but it is also possible to estimate 
the same from the intake air amount Q and the 
engine rotational speed N. In this case, it is suffi- 
cient if the relationship among the exhaust gas 
temperature T, the intake air amount Q, and the 

75 engine rotational speed N is found in advance from 
experiments and this relationship is stored in ad- 
vance in the ROM 32 in the form of a map as 
shown in Fig. 19 and the exhaust gas temperature 
T is calculated from this map. 

20 Next, the absorption and releasing control of 

the NO x and SO x will be explained referring to Fig 
20 to Fig. 22 

Figure 20 and Fig. 21 show a calculation rou- 
tine of the correction coefficient KK at the time of 

25 rich control, which routine is e<ecuted by interrup- 
tion at every predetermined time interval. 

Referring to Fig. 20 and Fig. 21, first of all. it is 
determined at step 400 whether or not the correc- 
tion coefficient K is smaller than 1.0, that is, wheth- 

30 er or not the lean air-fuel mixture is being burned 
When K < 1.0, that is, when the lean air-fuel 
mixture is being burned, the processing routine 
goes to step 401. at which the amount Wn of NO x 
absorbed in the absorbent 19 is calculated. Name- 

35 ly. the amount of NO x discharged from the com- 
bustion chamber 3 is increased as the intake air 
amount 0 becomes larger, arid increased as the 
engine load Q N tiecoa.es higher, and therefore the 
amount Wn of the NO x absorbed in the NO* absor- 

40 bent 19 will be represented by the sum of Wn and 
K- • Q • Q'N (k-, is a constant). 

Subsequently, at step 402. the amount Ws of 
the SO x absorbed in the SO K absorbent 18 :s 
calculated. Namely, the amount of SO K dischargee 

45 from the combustion chamber 3 is increased as the 
intake air amount Q becomes larger, and therefore 
the amount Wn of the SO x absorbed in the SO> 
absorbent 18 will be represented by the sum o £ Wn 
and K: • Q (k 2 is a constant). This SO x amoun: Ws 

50 is stored in the backup RAM 33a. Subsequently, at 
step 403. it is aetermined whether or not the SO x 
releasing flag indicating that the SO* should be 
released has been set. When the SO x releasing 
flag has not beer, set, the processing routine goes 

55 to step 404. at which it is determined whether or 
not the NO K releasing flag indicating that the NO /: 
should be released has been set. When the NO x 
releasing flag has not been set. the processing 
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routine goes tc step 405. 

At step 405. it is Determined wnether or not the 
amoun + W of tne SO> absorbed in toe SO A arosor- 
Dent 18 is larger than the predetermined set u r o 
amoun' Wso. This se; up amount Wsc is :or exam- 
pie about 30 percent cased on the maximum 
amoun: of SO x that can toe absoroeo by tne SO, 
aosoroent 18. Wher Ws i Wsc. tne processing 
routine goes to step 411. At step 411. it is deter- 
mined wnetner or not the amount Wn o* the NO> 
absorbed in the NO. absorbent 19 is large r than 
the predetermined set amount Wno. This set 
amount Wso is for e> ample about 30 percent 
based on tne ma>mum amount of NO x that can be 
absorbed b/ the NO> absoroem 19. When Wn < 
Vv'nc. the processing cycle >s completed. 

On the other hand, when it is determined at 
step 405 that Ws > Wsc. the p r ocessing routine 
goes to step 406. at which the SO >: releasing flag is 
set Subsequently at step 407. the; connection co- 
efficient KK is calculated from the relationship 
shown in Fig. 18A. and then at step 408 the- time 
C> is calculated from the relationship shown m Fig 
18E. Subsequently, at step 409. the correction co- 
efficient KK is calculated from tne relationship 
shown in Fig. 18C. and then at steo 410. the time 
C: ;s calculated from the; relationship shown m Fig 
1SD. Subsequent. v. tne processing cycle is com- 
pleted. Note that when the SO >: releasing flag is 
set anc var ious values KK, , Ko, and C2 are 
caiculatec as will be mentioned later, the air-fue : 
ratio of air-fuel mixture is made rich 

On the other hand, wnen it is determined that 
Wn > Wr.o at step 411 the processing routine 
goes to step 412. at wnicn the NO x releasing flag is 
set Subsequently, at step 413 the correction co- 
efficient KK is calcdateo from the rc .ationshirc 
S'*-:-a--> m Fix 16^. a/'-c tno*~ : a* s T e:: the time 

C- is calculated from the relationship shown m Fig 
16E. Subsequently, at sreo 415 the correction co- 
efficient Ko is made 1.0, and then at step 416. the 
time C: is calculated from the relationship shown in 
Fig. 16C. Subseouently. the processing cycle is 
completed Note that wnen the NO, releasing flag 
is set and various values KK. C- . Ko, and O2 are 
calculated, as will be mentioned later, the atr-fuei 
ratio of air-fuel mi -tore is made rich. 

When the SO. releasing flag or the NO x releas- 
ing flag is set. the processing routine goes from, 
step 403 or step 404 to step 417, at which the 
cojnt value C is incremented exactly by one. Sub- 
sequently, at step 418. it is determined whether or 
no: the count value C is smaller than the time C- 
When C < C* , the processing cycle is completed 
and accordingly the correction coefficient is main- 
tained at KK as 't is for the time C* . Subsequently 
wnen C becomes equal to or larger than C- . the 
processing routine goes to step ^19. at which it is 
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determined woethe- O" not tne count value C is 
smaller tnan the time C : . Whe n C < C : . the pro- 
cessing routine goes to stec 420. at whicr tne 
predetermined vaiue q is subtracted from: the cor- 
rector. coe f fic;en; KK. Accordingly, the value cf tne 
cc^-ectiC' coefficient KK becomes gradually small- 
er 

Subseouently. a* store 421 t is determined 
whether or not the correction coefficient KK has 
become smalle- than Ko. When KK > Ko the 
processing cycle is comoleted. and when KK be- 
comes eaual to or smalie- than Ko, the orocessing 
routine goes to step 422. at which KK is made Ko. 
Accordingly, aft 8' when KK becomes equal to Ko. 
at the time of the releasing of SO x . the correction 
coefficient ;s maintained at Ko ^> 1.0), while at tne 
time cf the releasing of NO*, the correction coeffi- 
cient is maintained at 1.0. 

Subsequently . wnen it is decided at step 419 
20 that C becomes eaual to or larger than 0~ tne 
processing routine goes to step 423. at which it is 
determined whetnei o» not the SO x releasing flag 
ha? been set When the SO x releasing flag has 
been set, the processing routine- goes to steo 424 
25 at wmch the SOv releasing flag is reset. When the 
SO K r eleasmg flag is reset, as will be mentioned 
later the comoustion of the lean air-fuel mixture is 
started a;ain Subsequently, a + step 425. tne 
amount Ws of tne SO> absorbed in the SO, ao- 
3c so-poon 18 is made zero, and then at step 427. tne: 
amount Wn of the NO >: absorbed in the NO, ao- 
som'tion 19 is maoe zero. Subsequently, at step 
428. trie count value C is made zero. 

On the other nano, at step 423. wnen it is 
35 decided tnat the SO x releasing flag has not Dee-"' 
set. the processing routine goes to step 426. at 
winch tne- NC X releasing flag ,s reset, Wner tne 
NO, 'r leasing fi^c is • •" s •: * as a- '! be me^t' one - 
later the comoustion of the lean air-rue! m >tcre is 
40 started again. Subsequently, at step 427. the 
amount Wn of the NO >: absorbed in the NO, ao- 
sonrooon 19 is maae zero. Subsequently at step 
423. the count value C is made zero. 

On tne other hanc. when it \s decided at step 
45 50 mat K is equai :o or larger tnan 1 .0 tnat is 
wren the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder is the stoichiometric air- 
fuel ratio or rich, tne processing routine goes to 
step 429, at whicn it is determined whether or no: 
se the state of K Z 1 ,0 continues for the predeter- 
mined time t- . for example 10 seconds. When tne 
state o' K Z 1.0 does not continue for the predeter- 
mined time t; . the processing cycle is completed, 
and when the state 01 K S 1 0 continues fo* the 
55 predetermined time t- , the processing routine goes 
to step 430, at which Wn is made zero. Namely, 
when the time for which air-fuel ratio of the air-fuel 
mixture fee into the engine cylinder is made the 
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stoichiometric air-fue! ratio or rich continues tor 
about 10 seconds, it is considered that the most 
part of the NO x absorbed in the NO x absorbent 19 
was released, and accordingly, in this case, Wn is 
made zero at step 430. 

Subsequently, at step 431. it is determined 
whether or not the state of K > 1.0 continues foi 
the predetermined time t2 (ts > ti ). for example, 10 
minutes. When the state of K > 1 .0 does not 
continue for the predetermined time t? , the pro- 
cessing cycle is completed, and when the state of 
K >1.0 continues for the predetermined time t2 , the 
processing routine goes to step 432 at which Ws 
is made zero. Namely, when the time for which air- 
fue! ratio of the air-fuel mixture fed into the engine 
cylinder is made rich continues for about 10 min- 
utes, it is considered that the most part of the SO> 
absorbed in the SO x absorbent 18 was released 
and accordingly, in this case, Ws is made zero at 
step 432. 

Figure 22 shows the calculation routine of the 
basic fuel injection time TAU, which routine is 
repeatedly executed 

Referring to Fig. 22, first of ail, at step 500. the 
correction coefficient K is calculated. This correc- 
tion coefficient K is made for example 0.6 at the 
time of an operation state when the lean air-fuei 
mixture shouid be burned. Also, this correction 
coefficient K has become the function of the engine 
coolant temperature at the time of the engine 
warm-up operation and is made smaller as the 
engine coolant temperature becomes higher within 
a range where K ^ 1.0. Also, at the time of accel- 
eration operation, this correction coefficient is 
made 1.0, and at the time of full load operation, 
this correction coefficient K is made a larger value 
tnan t .0. 

Subsequently, at stec 501. it is determine-, 
whether or not the correction coefficient K is small- 
er than 1.0. When K £ 1.0, the processing routine 
goes to step 505, at which K is made Kt Contrary 
to this, when K < 1.0, the processing routine goes 
to step 502, at whtch it ;s determined whether or 
not the SO* releasing flag has been set. When the 
SO x releasing flag has not been set. the processing 
routine goes to step 503, at which it is determined 
whether or not the NO x releasing flag has been set 
When the NO x releasing flag has not been set, tne 
processing routine goes to step 505. Subsequently 
at step 506, the basic fuel injection time TP is 
calculated from the map shown in Fig. 2, and then 
at step 507, the basic fuel injection time TAU ( = 
TP • Kt) is calculated. Accordingly, when neither of 
the SO* releasing flag nor NO v releasing flag has 
been set even when K > 1,0 or K < 1.0, the air-fuel 
ratio of the air-fuel mixture is made the air-fuel ratio 
in accordance with the correction coefficient K 



On the other hand, when the SO x releasing flag 
or the NO> releasing flag is set, the processing 
routine goes from step 502 or step 503 to step 
504, at which Kt is made KK calculated by the 

5 routine shown in Fig 20 and Fig, 21. Subsequently, 
the p r ocessing routine passes step 506, and the 
basic fuel injection time TAU is calculated at step 
507. Accordingly, at this time, the air-fuel ratio of 
the air-fuel mixture is forcibly made rich. 

70 Figure 23 shows a still further embodiment 

Note that, in this embodiment, the same constituent 
elements as those shown in Fig 1 and Fig. 12 are 
indicated by the same symbols, 

Referring to Fig. 23, in this embodiment, the 

75 exhaust port 8 is connected via the exhaust mani- 
fold 16 to the casing 23 containing the SO> absor- 
bent 18, and the outlet portion of the casing 23 is 
connected via the exhaust pipe 17 to the casing 20 
containing the NO x absorbent 19. A bypass pas- 

20 sage 24 is branched from the inlet portion 20a of 
the casing 20. and this bypass passage 24 is 
connected to the exhaust pipe 25 connected to the 
outlet portion of the casing 20. A switch valve 27 
controlled by an actuator 26 is arranged at the 

25 branch portion of the bypass passage 24 from the 
inlet portion 20a of the casing 20. This switch valve 
27 is controlled by the actuator 26 to either position 
between a bypass closed position at which the inlet 
portion of the bypass passage 24 is closed and the 

3D inlet portion to the NO x absorbent 19 is fully 
opened as indicated by the solid line in Fig. 23 and 
a bypass opening position at which the inlet portion 
to the NO x absorbent 19 is closed and the inlet 
portion of the bypass passage 24 is fully opened 

35 as incicated by a broken line of Fig 23 

A.so. in this embodiment, a pressure sensor 28 
generating an output voltage in proportion tc the 
absolute pressure in the surge :an< 10 is attached 
to the interior of the surge tank 10 and the output 

40 voltage of this pressure sensor 28 is input to the 
input oort 35 v;a the AD converter 37. 

A:so in this embodiment, the fuel injection time 
TAU is calculated based cn for example the follow- 
ing equation. 

45 

TAU = TP • K 

Here, TP indicates the basic fuel injection time, 
and K indicates the correction coefficient. The ba- 
se sic fuel injection time TP indicates a fuel injection 
time necessary for making the air-fuel ratio o* the 
air-fuel mixture fed into the engine cylinder the 
stoichiometric air-fuel ratio. This basic fuel injection 
time TP is found in advance by experiments and 
55 stored in advance in the ROM 32 in the form of a 
map as shown in Fig. 24 as the functions of the 
absolute pressure PM of the surge tank 10 ex- 
pressing the engine load and the engine rotational 
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speed N. The correction coefficient K is a ^effi- 
cient for controlling tne air-*ue ratio of the air-fue; 
mixture fed into tne engine cylmoeo anc i* K = 
1.0. tne an-iue r aiu c me air-fuei rruxure rec into 
tne engine cyirioe- oecomes tht stuicuurTitrtr c ar- 
fuei -atio Contra'- y io tms, wher K becomes' small- 
er tnan 1.0, tne ar-tue r atic o* the ar-fue muiure 
fed into tne engine c.imae' cecom~s !a*ge- t^ar 
the sto.chiometric ar-fue ! ratio. :ha: -s. becomes 
lean, and if K becomes larger than 1.0, ar-fue! 
ratio of the ar-fuel mi-ture fed mtc the engine 
cylinder becomes smaller than tne stoichiometric 
air -fuel ratio that is becomes rich 

The value of this correction coefficient K is 
dotormiiod ir advance with respect to tne 1 absolute, 
pressure PM m the surge tank 10 and the engine 
rotational speed N. and Fig. 25 shows one embodi- 
ment of the value of this correction coefficient K. In 
Xhc- embodiment shewn in Fig 25. in a region in 
wnicn tne absolute pressure PM inside the surge 
tank 10 is restively low that is in the engine low 
or mod um load operation region, the value of the 
correction coefficient K is made a value smaller 
than 10. and accordingly, at tms time, the air-fuel 
ratio of the air-fuel mi>ture fed into the engine 
cylinder is made iean On the other hand, in a 
regicn m which the absolute pressure PM inside 
the surge tank 10 is relatively high that is. in the 
engine high load operation region, the value: of the 
correction coefficient K is made 1.0, and accord- 
ingly, at this time, the air-fuel ratio o' the air-fue : 
mixture fed into the engine cylinde' is made the 
stoichiometric ajr-fuel ratio. Also, m a region in 
which the absolute pressure PM inside trie surge 
tank 10 becomes the nignest. that is. in tne engine 
full load operation regior, the value of the correc- 
tion coefficient K is made a value larger tnan 1.0 

an j accordingly a' tr iic time tne .O' rati.; ry 

the air-fue; mixture fed ;otc> the eng.ne cylinder is 
made rich. In the internal comoustion engine, usu- 
ally the frequency o f tow and medium load opera- 
tion is the highest, and accordingly in the most part 
of the operation penod. the lean air-'ue rru>tu r e wif 
be burned. 

Also in this emoodiment. as the SO* aosorben* 
18. use is nnade of an absorbent wntch carries at 
least one member selected from a transition metal 
such as copper Cu. iron Fe. manganese Mr. ana 
nickel Ni, sodium Na. ttr Sn, titanium Ti and lith- 
ium Li on a earner made of alumina. Not<£ that, ir 
this SO, absorbent 18. as mentioned befo-e. wner 
the air-fuel ratio of the exhaust gas flowing into the 
SO> absorbent 18 is lean, the SO; contained in the 
exhaust gas is oxidized on the surface of the 
absorbent while absoroed into the absorbent m the 
form of sulfunc acid on SO<"~, and in this case 
wnen the platinum Pt is carried on the carrier of the 
SO y absorbent 18. SO; becomes easily adnered 
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onto the p onum Pt in the form of SO;- and thus 
tne SO: becomes easily absoroed into the aosor- 
oen: in the form of the sulfuric acid ion SO--' - . 
Accurumyiy. so as to prurnole the absorption of the 

t SO: . preferably the platinum Pt is carried on toe 
earner of the SO> absorbent 18. 

Next a oetaiiea exoianator, wH oe made again 
o* the NO> re. easing function from the NO. aoso r - 
bent 19 and the S0 >; releasing function ?rom tne 

ic SO,, absoroent 18 referring to Figs. 26A and 263 
Figure 26A shows a relationship between the tem- 
perature T of the NO* absorbent 19 and the SO >: 
absorbent 18 when the air-fuel ratio of tne exhaust 
gas flowing into tne SO x absorbent 18 and the NO> 

?5 absorbent 19 is made ncn. tne NO y releasing rate 
f(T) f'om the NO x absorbent 19, and the SO* re- 
leasing "ate g(T) from the SO x absorbent 18. and 
Fig. 26E shows a relationship between the correc- 
tion coefficient Kt with respect to tne basi: fuei 

20 injection time TP (stoichiometric air-fuel ratic when 
Kt = 1 0. rich when K: > 1.0. and lean when Kt < 
1 .0), the NO* releasing rate f(Kt) from the NO >: 
absorbent 19. and the SO x releasing rate gtKn from, 
tne SO y absorbent 18. 

25 In the NO> absorbent 19. when the temperature 

o* tne NO x absorbent 19 is almost 150 C C or more 
wrcr the NO; on the surface o' the plat num Pt no 
longer e>is:s. the reaction is immediately advanced 
to the direction o* (NO?~. -> NO;-), and the N0 X is 

so immediately released from tne absorbent. Accord- 
ingly, as shown m Fig. 26A. even if the temper atu-e 
of the NO* absorbent 19 is considerably low, the 
NO* releasing rate f<T) becomes considerably high 
Namely, this means that NO x is released from tne 

35 NO x absorbent 19 at a considerably rvgh speed 
Note that, as shown in Fig. 26A. as the temperature 
T of the NC\v absorbent 19 becomes higner. the 
N ( _ > r eieasmc r ate U^) oeoom e s n i h e r & o - : 
shown in Fig. 26B. as tne value of the correction 

40 coefficient Kt becomes larger, that ts, the degree of 
runness of the ar-fuel ratio of the e>:haust gas 
becomes higher, the NO x releasing rate ffKtt be- 
comes higher. 

Contrary to this, the SO x absorbed in the SO> 

45 absorbent 18 is stable in companson with the NO> 
absorbed in the NO x absorbent 19. and therefore is 
difficult to be decomposed, and the decomposition 
C'f this SO K is not sufficiently caused unless the 
temperature T o f the SO >: absorbent IS eoee:is 

so the temperature To determined according to the 
type of the SO> absorbent 18. Accordingly, as 
shown in Fig. 26A. when the temperature T of the 
SO, absorbent 18 is lower than To. the SO. releas- 
ing rate g(T) is extremely low, that is. almost no 

55 SO : , is released f-om tne SO >: absorbent 18, and if 
trie temoerature T of the SO >: absorbent 1 8 ex- 
ceeds To. the SO x releasing function from the SO> 
absorbent 18 is substantially started. Nctt that. 

16 
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also for SO x . when the temperature T of the SO, 
absorbent 18 exceeds To. as shown in Fig. 26A, as 
the temperature T of the SO* absorbent 18 be- 
comes higher, the SO x releasing rate g(T) becomes 
higher, and as shown in Fig. 26B, as the value of 
the correction coefficient Kt hernmes larger the 
SO* releasing rate g(kt) becomes higher. 

Figure 27A shows the cumulative NO x release 
from the NO x absorbent 19 and the cumulative SO> 
release from the SO* absorbent 18 when the air- 
fuel ratio of the inflowing exhaust gas to the NO> 
absorbent 19 and the SO x absorbent 18 is made 
rich when the temperature T of the NO> absorbent 
19 and the SO x absorbent 18 is lower than To (Fig 
26A); and a solid line of Fig. 27B shows the cu- 
mulative NO* release from the NO x absorbent 19 
and the cumulative SO x release from the SO x ab- 
sorbent 18 When the air-fuel ratio of the inflowing 
exhaust gas to the NO x absorbent 19 and the SO > 
absorbent 18 is made rich when the temperature T 
of the NO, absorbent 19 and the SO* absorbent 18 
is higher than To (Fig. 26A). 

'When the temperature T of the SO >: absorbent 
18 is lower than To, as shown in Fig. 26A, almost 
nc SO x is released, and accordingly, at this time, 
when the air-fuef ratio of the e-haust gas flowing 
into the NO y absorbent 19 and the SO y absorbent 
18 is made rich, as shown in Fig. 27A. the NO x is 
quickly released from the NO x absorbent 19, but 
almost no SO x is released from the SO x absorbent 
18. 

On the other hand, when the temperature T of 
the SO x absorbent 18 becomes higher than To, as 
shown in Fig. 26A, the SO* releasing function is 
carried out, and therefore, at this time, if the air-fuel 
ratio of the exhaus: gas flowing into the the NO>. 
absotbent 19 and the $Q» absorbent 18 is made 
ncrv as indiiatec oy the solid line in r iQ. 2~E. both 
of the NO x and SO x are released. In this case, the 
NO x is released from the NO x absorbent 19 in a 
short time, but the decomposition rate of SO x inthe 
SO, absorbent 18 is low, and therefore the SO x is 
released from tne SO x absorbent 18 only slowly 
Note that, also in this case, when the temperature 
T of the SO x absorbent 18 becomes high, as seen 
from Fig, 26A, the SO x releasing rate g(T) becomes 
high, and therefore, as indicated by a broken line in 
Fig. 27B. tne SO x is released from the SO x absor- 
bent 18 relatively fast., 

Aisc. tne NO x release indicated by the solid 
line in Fig. 27B shows tne NO, release from tne 
SO x absorbent 18 in which a transition metal such 
as copper Cu. iron Fe, manganese Mn, nickel Ni, 
or the like, sodium Na, or lithium Li or the like is 
earned on the carrier made of alumina, and in the 
SO >; absorbent 18 in which for e- ample titania TiO^ 
is carried on a carrier made of alumina, as in- 
dicated by the broken line in Fig. 27B. SO x is 



released from the SO x absorbent 18 relatively fast. 
In this way the SO x releasing speed from the SO x 
absorbent 18 changes also according to the type of 
the SO x absorbent 18, and changes also according 

5 to the temperature T of the SO x absorbent 18. 

As mentioned before, if the air-fuel ratio of the 
exhaust gas flowing into the the SO x absorbent 18 
and the NO x absorbent 19 is made rich when the 
temperature T of the SO x absorbent 17 is higher 

io than To, the SO x is released from the SO x absor- 
bent 18, and the NO x is released from the NO> 
absorbent 19. At this time, if the exhaust gas 
flowing out from the SO x absorbent 18 is made to 
flow into the NO x absorbent 19, as mentioned be- 

75 fore, the SO x released from the SO x absorbent 18 
is absorbed into the NO x absorbent 19. Therefore, 
in this embodiment, so as to prevent the SO> 
released from the SO x absorbent 18 from absorp- 
tion into the NO x absorbent 19 in this way when 

20 the SO x absorbent 18 should release the SO x , the 
exhaust gas flowing out of the SO x absorbent 18 is 
guided into the bypass passage 24 

Namely, in this embodiment, when the lean air- 
fuel mi>ture is burned, the switch valve 27 is held 

25 at the bypass closed position indicated by the solid 
line in Fig. 23, and accordingly, at this time, the 
exhaust gas flowing out of the SO x absorbent 18 
flows into the NO x absorbent 19. Accordingly, at 
this time, the SO x in the exhaust gas is absorbed 

30 by the SO> absorbent 18, and therefore only the 
NO x is absorbed into tne NO x absorbent 19. Sub- 
sequently, when the SO x from the SO x absorbent 
18 should be released, as shown in Fig. 28. the air- 
fuel ratio of the air-fuel mixture fed into the com- 

35 bustion chamber 3 is switched from lean to rich, 
and simultaneously the switch valve 27 is switched 
to the bypass opening position indicated by the 
broken .ne ; n Fig. 23. Wher the ai'-fuel : 8tio of the 
air-fuel mixture fed into the combustion chamber 3 

40 becomes rich, as shown in Fig. 28, SO x is released 
from the SO x absorbent 18. but at this time, the 
flowing out exhaust gas from the SO x absorbent 18 
does not flowing into the NO x absorbent 19, but 
flows into the bypass passage 24. 

45 Subsequently, when the releasing action of the 

SO x should be stopped ( the air-fuel ratio of the air- 
fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is switched from rich to lean 
and simultaneously the switch vaive 27 is switched 

so to the bypass closed position indicated by the solid 
line in Fig. 23. When the air-fuel ratio of the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 becomes lean, as shown in Fig. 28. the 
releasing action of SO x from the SO x absorbent 18 

55 is stopped. 

In this way, in the embodiment shown in Fig 
28, when the SO x is being released from the SO> 
absorbent 18. the exhaust gas flowing out of the 

17 
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S0> absorbent 18 flows into the bypass passage 
24. anc therefore i: becomes possioie to preven* 
tne SO > from absorotior mtc the rslO> absorbent 19 
Note that, at tnis time, the unburn: HC and CO anc 
NO* are discnargea Iron, the engine, but as men- 
tioned before, the SC> absorbent 18 has a tnree- 
way catalytic function, and the-efore these unourn: 
HZ ana CO anc NC >: are consideraou removed a: 
the SQ X absorbent 16. and accordingly, at tnis 
time, there is no ":sk c* releasing of a large amoun* 
of unburnt HC anc CO and NC y into the atmo- 
sphere. 

Figure 29 and Fig. 30 show respectively dif- 
ferent embodiments in which when tne air-^uel ratio 
of the air-fuel mi>ture fed into the combustion 
chamoer 3 is made rich so as to release the SO* 
from the SO x absorbent 18. the releasing action of 
the NO„ from the NO x absorbent 19 is carried out 
togethe-' with the former 

The embodiment shown in Fig. 29 shows the 
SD> and NO* releasing control which can be ap- 
plied to a case where the SO x releasing speed 
from the SO* absorbent 18 is considerably slower 
in comparison with the NO, releasing speed from 
the NO., absorbent 19. As indicated by the solid 
line in Fig. 27B. whe^e the- SO* releasing speed is 
siower in comparison with the NO x releasing 
soeed, when the air-fuel ratio of the exhaust gas 
flowing into the the SO x absorbent 18 and the NO> 
absorbent 19 is switched from >eao to rich, the NO x 
is released from the NO x absorbent 19 ir a short 
time, and in addition during a time when the releas- 
ing acton of NO, ; is carried out, almost no SO x is 
released from the SO> absorbent 18. Accordingly, 
in this embodiment, during a predetermined period 
after when the air-fue ratio of the air-fuel mixture 
fed 'ntc the combustion chamber 3 is switcned 
{' ,-»• lean :o ncr < v : = k> \ . > cenod for c r K* 
= KKl is maintained m Fig. 29) the switch va:ve 
27 is held at the bypass closed position, anc then 
wnen this predetermined period has elapsed, the 
switch valve 27 is switched to the bypass opening 
position. For the predetermined period after tnts 
(period for which Kt = KK2 is maintained), the air- 
fuel ratto of the air-fuel mixture fed into the com- 
bustion chamber 3 is maintained rich {Kt = KK2). 
and when this predetermined period has elapsed, 
tne switch valve 27 is switched to the bypass 
closed position. 

In this way, in this embodiment, in an initial 
stage when the air-fuel ratio of the air-luei mixture 
is switcned from (ear to ri:h. the switch valve 27 is 
held at the bypass closed position, and therefore 
the NO x is rapidly released from the NO> aosorbent 
19 At this time, the releasing of the SO K is started 
also from the SO> absorbent 13, but the release of 
SO* is small, and accordingly, even if this SO x is 
absorbed into the NO* absorbent 19. the amount of 



absorption ^ SO, is not sc much increased. The 
most part ui the SO x is released from the SO> 
absorbent 18 a^ter the switch valve 27 is switchec 
to the bypass ciosea position, anc accordingly the 
6 most pan of the SO >: is fed into the byoass pas- 
sage 24. 

The embodiment shown in Fig. 30 shows tne 
S0> anc NO x releasing control controllec so as tc 
prevent the S0 X from absorption mtc the NO, ao- 

tc sonbent 19 as mucn as oossiole. In this embodi- 
ment, wnen the air- f uel ratio of the air-fuel mixture 
fed into the comoustion chamber 3 is made rich, 
the switch valve 27 is switched tc the bvpass 
closed position. A* this time, tne releasing of the 

15 SO* 'S started frcm the SO x absorbent 18 and this 
SO, is all fed into tne byoass passage 24. Subse- 
quently, when the releasing action of the SO x from 
the SO> absorbent 18 is almost completed, the 
switch valve 27 is switched to the bypass closed 

20 position while maintaining the air-fuel ratio of the 
air-fuel mixture rich. When the switch valve 27 is 
switchec to the oypass closec position the NO x 
israpidly releasee from the NO >: absorbent 19. and 
when the releasing action of NO x from the NO x 

25 absorbent 19 is completed, the air-fuel ratio of the 
air-fuel mixture is switched from rich to lean. 

In tnis embodiment, after the SO >; releasing 
action from the SO x absorbent 18 is completely 
terminated, if the switch valve 27 is switched from 

30 the bypass opening position to the bypass closed 
position, it is possible tc completely prevent the 
SO> from absorption into the NO x absorbent 19. 

Note that, even in a case where the releasing 
speed of tne SO> from the SO x absorbent 18 is 

35 slow as indicated by the solid line in Fig. 27B 
when the temperature of the SO x absorbent 18 
becomes high, as mentioned before, the SO, re- 



leasing sr 



in this a a . 



the SO> and NO, releasing action as shown ir Fig 

40 29 is carried out when the SO x releasing soeed 
becomes faster, immediately after the air-fuel ratio 
of the air-fuel mixture is switched from lean tc rich 
a large amount cr the SO x is released also from the 
S0 X absorbent 18, anc thus a large amount of the 

45 SO x becomes absorbed into the NO x absorbent 19 
Therefore, in another embodiment according to the 
present invention, wnen the temperature of the SO, 
absorbent 18 is relatively low and tne releasing 
speed of SO x is slow, the releasing control of the 

so SO< and NO x shown in Fig. 29 is carried out. and 
when the temperature o* the S0 X absorbent 16 
becomes high and the releasing speed of SO, 
becomes faster, the releasing control of the SO, 
and NO>. shown in Fig. 30 is carried out. 

55 Figure 31 shows the releasing control timing of 

the NO K and SO*. Note that, this Fig. 31 shows a 
case uS'ng the embodiment shown in Fig. 29 as 
the SO releasing control. Also, in Fig. 31. P m- 



18 



33 



EP 0 625 633 A1 



34 



dicates the NO x releasingcontrol. and Q indicates 
the NO x and SO> releasing control. 

In the embodiment shown in Fig. 31, the re- 
leasing processing of the NO x and SO x is carried 
out based on the NO x amount Wn and the SO x 
amount Ws. In this case, as the amount Wn of NO x 
at sot bed in the NG X absorbent 19 and the amount 
Ws of SO x absorbed in the SO x absorbent 18, an 
estimated absorption amount estimated from the 
operation state of the engine is used. This NO y 
amount Wn ano SO x amount S0 X will be men- 
tioned later. 

As shown in Fig. 31, when the N0 X amount Wn 
e>ceeds tne maximum allowable value Wnc, tne 
an -fuel ratio of the air-fuel mixture is made rich (Kt 
= KK1), and the releasing action of NO x from tne 
NO, absorbent 19 is started. When the releasing 
action of NO x is started, the NO* amount Wn is 
raoidly reduced, and when the NO x amount Wn 
reaches the lower limit value MIN, the air-fuel ratio 
of the air-fuel mixture is switched from rich to lean 
and the releasing action of N0 X is stopped. Con- 
trary to this, when the SO x amount Sn exceeds the 
maximum allowable value Wso, the air-fuel ratio of 
tne air-fuel mixture is made rich (Kt = KK1) for a 
predetermined period, and the releasing action of 
NO* from the N0 X absorbent 19 is started. At this 
time, also the releasing action of SO* from the S0> 
absorbent 18 is started. Subsequently, when the 
NO* amount Wn reaches the lower limit value MIN. 
the switch valve 27 is switched to the bypass 
opening position. Subsequently, wnen the SO> 
amount Ws reaches the lower limit value MIN, the 
air-fuel ratio of the air-tuel mixture is switched from 
nch to lean, and the releasing action of SO x is 
stopped. 

Note that, as seer from Fig. 31. the period of 
making the atr-fue' "atio of the a^-fuel mivure rich 
cc as to release the NO x from the NO>. absorbent 
19 is considerably short, and the air-fuel ratio of 
the air-fuel mixture is made rich with a proportion 
of one time per several minutes. On the other 
hand, as mentioned oefore, the amount of SO> 
ccntained in the exhaust gas is considerably small- 
er than the amount of NO x , anc therefore a consid- 
erably long time is taKen until the SO x absorbent 
18 is saturated by the SO x . Accordingly, the period 
of making the air-fuel ratio of the air-fuel mixture 
nch so as to release the SO x from the SO x absor- 
bent 18 is considerably short, and the air-fuel ratio 
of the air-fuel mixture ts made rich with a propor- 
tion of for example one time per several hours. 

Figures 32A to 32D show the flag switch valve 
control routine for executing the NO x and SO x 
releasing control shown in Fig. 28. wmch routine is 
executed by the interruption at every predeter- 
mined time interval. 



Referring to Figs. 32A to 32D. first o< all. at 
step 600 to step 608, the amount Wn of NO x 
absorbed in the NO x absorbent 19 and the amount 
Ws of SO x absorbed in the SO x absorbent 18 are 

5 calculated. Namely, first of all, at step 600, it is 
determined whether or not the correction coeffi- 
cient Kt with respect to the basic fuel injection time 
TP is smaller than 1.0. When Kt < 1.0, that is. 
when the lean air-fuel mixture is fed into the com- 

70 bustion chamber 3, the processing routine goes to 
step 601, at which the NO x amount Wn is cal- 
culated based on the following equation, and then 
the processing routine goes to step 602 at which 
the SO x amount Ws is calculated based on the 

75 following equation. 

Wn = Wn + Ki • N • PM 
Ws = Ws + K 2 • N • PM 

20 Here. N indicates the engine rotational speed 

PM indicates the absolute pressure in the surge 
tank 10; and Ki and K 2 indicate constants (K< > 
Kr). The amount of the NO K and amount of SO>. 
discharged from the engine per unit time are in 

25 proportion to tne engine rotational speed N and in 
proportion to the absolute pressure PM in the 
surge tank 10, and therefore the NO x amount Wn 
and the SO y amount Ws are represented as in the 
above equations. Accordingly, it is seen from these 

30 equations that so far as the combustion of the lean 
air-fuel mixture is continued, the NO x amount Wn 
and the SO x amount Ws are increased. When the 
NO, amount Wn is calculated at step 601 , and the 
SO* amount Ws is calculated at step 602, the 

35 processing routine goes to step 609 

On the other hand, when it is determined at 
step 600 that Kt Z 1.0. that \i. when air-fuel ratio of 
the atr-fue 1 mivture fed into the combustion cham- 
ber 3 is the stoichiometric air-fuel ratio or rich, the 

40 processing routine goes to step 603. at which the 
NO> amount Wn is calculated based on the follow- 
ing equation, and then the processing routine goes 
to step 604, at which the SO x amount Ws is cal- 
culated based on the following equation: 

45 

Wn = Wn - Wn • f(T) • f(Kt) 
Ws = Ws - Ws • g(T) • g(Kt) 

Here f(T) and g(T) indicate the NO x releasing 
50 rate and the SO* releasing rate shown in Fig. 26A. 
respectively, and f(Kt) and g(Kt) indicate the NO> 
releasing rate and the SO x releasing rate shown in 
Fig 26B. respectively. As shown in Fig. 26A. the 
NO* releasing rate f(T) and the SO x releasing rate 
55 g(T) are functions of the exhaust gas temperature 
T. and accordingly these NO x releasing rate f(T) 
and SO x releasing rate g(T) are calculated from the 
e>haust gas temperature T detected by the tem- 
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peraiure sensor 22 Note that, it is aiso possible to 
directly detect toe exoaus: gas temperature T by 
the temperature sensor 22 in this way. but it ts aiso 
possioie to estimate me same from the absoiut€ 
pressur- PM in the surge tank 10 and the engine 
rotational speed N In this case. i + is sufficient if the 
reiationsnip among the e<naust gas temperature T. 
the acsol^te pressure PM. and the engine rota- 
tions speed N is found in advance by experiments, 
this relationship is stored in aavance in tne ROM 
32 \r the form of the map as snown m Fig 33, and 
the exhaust gas temperature T is calcjlated from 
this map. 

Also, as shown in F-g. 26B. tne NO x releasing 
rate f < H - > and SO, releasing rate g(Kt) a-e functions 
of the correction coeff. aent Kt. and accordingly the 
NO, releasing rate ffKt) and SO, releasing rate g- 
(Kt) a^e calculated from the correction coefficient 
Kt An actual NO, releasing rate is e> pressed by 
the product of the f(T) and the f(Kt», and therefore 
this means that the amount of NO, released from 
the NO, absorbent 19 per unit time is expressed 
by Wn • f(T) • f(kt). and accordingly the amount 
Wn of NO x absoroed m tne NO* absorbent 19 
becomes like the above-mentioned equation, Simi- 
larly the SO< releasing rate is expressed by the 
product of the giT) and the g(Kt). and therefore this 
means that the amount of SO x released from the 
SO> absorbent 18 per unit time is expressed by 
Ws • g(T) • g(Kt). and accordingly tne amount Ws 
of SO, absorbed in the SO x absorbent 18 becomes 
lii-e the above-mentioned equation. Accordingly, it 
i S se en that both of tne NO* amount Wn and the 
SO, amount Ws are reduced when Kt > 1.0. Note 
that, the NO x amount Wn and the SO x amount Ws 
calculated at step 601 to step 604 is stored in the 
backup RAM 33a. 

When me r 4 O , amount W*' is :.alcula:ed at step 
603 and the SO x amoun; Ws is calculated a: step 
604, the processing routine goes to step 605, at 
wnich it is determined whether or not the NO* 
amount Wn becomes negative. When Wn < 0, the 
processing routine goes to step 606 at which Wn 
is maae zero, and then the processing routine goes 
to step 607. At steo 607. it is determined whether 
or not the SO> amount Ws becomes negative. 
When Ws < 0. the processing routine goes to step 
608, at which Ws is made zero, and then the 
processing routine goes to step 609 

At step 609. it is determined whether or not the 
correction coefficient K Determined according to 
the engine rotation state shown in Fig 25 is smaller 
than 1 0. When K < 1 .0, that is, when the target air- 
fuel ratio determined according to the operation 
state of the engine is lean, the processing routine 
goes to step 610, at which it is determined whether 
or not tne SO, processing has been se: When the 
SO x processing flag has not been set. the routine 



jumps to step 613. at which it is determined wneth- 
er or not the SO x releasing 'lac has been set. 
Wner, the SO ); releasing flag has no: been se:. the 
processing routine goes to step 614. at which it is 
£ determined whetne^ or not the NO x releasing flag 
has been set. When the NO> releasing flag has not 
oeen se:. the processing routine goes to step 615. 

At step 615. 't is determined whether or not the 
SO, amount Ws has oecome larger tnan the maxi- 
70 mum allowable value Wso (Fig. 3i). When Ws £ 
Wso. the processing routine goes to step 616. at 
which it is determined whether or not tne NO x 
amount Wn has become larger than the maximum 
allowable value Wno. When Wn < Wno. the pro- 
75 cessing cycle is completed. At this time, the lean 
air-fuel mixture is fed into the combustion chamber 
3, and the switch valve 27 is held at the bypass 
closed position. 

On the other hand, when it is determined at 
20 step 616 that the Wn becomes larger than Wno. 
the processing routine goes to step 617, at which 
the NO K releasing flag is set. and then the process- 
ing cyce is completed. In the next processing 
cycle, it is determined at step 614 that the NO x 
25 releasing flag has been set. and therefore the pro- 
cessing routine goes to step 618, at which the 
correction coefficient Kt is made KK1 The value of 
this KK1 is a value of about 1.1 to 1.2 with which 
the air-fuel ratio of the air-fuel mixture fed into the 
30 combustion chamber 3 becomes about 12.0 to 
13.5. When Kt is made KK1 . the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is made rich. Subsequently, at steo 619, it is deter- 
mined whether or not the NO> amount Wn has 
35 become smaller than the lower limit value MIN (Fig. 
31). and when Wn > MIN. the processing cycle is 
completed. Contrary to this, wnen Wn becomes 
smaller than MIN. the processing routine goes to 
step 620. at which the NO y releasing flag is set. 
40 When the NO x releasing flag is reset, the ar-fuei 
ratio of tne air-fuel mixture fed into the combustion 
chamber 3 is switcned from rich to lean. Accord- 
ingly, during a period from when Wn becomes 
larger than Wno :o when Wn becomes smaller than 
45 MIN, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is made rich, and dur- 
ing this time, the NO x is released from the NO* 
absorbent 19. 

On the other hand, when it is decided at step 
so -5 that the SO x amount Ws has become larger 
than the maximum allowable value Wso, the pro- 
cessing routine goes to step 621. at which it is 
determined wnether o- not the temperature T of 
exhaust gas flowing into the SO, absorbent 18 is 
55 higher than the set value To (Fig. 26 A). When T < 
To. the orocesstng cycle is completed. Contrary to 
this, when T > To. the processing routine goes to 
step 622. at which the SO >; releasing flag is se: and 
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then the processing cycle is completed. 

In the next processing cycle, it is decided at 
step 6I3 that the SO* releasing flag has been set, 
and theefore the processing routine goes to step 
623. at which the correction coefficient Kt is made 
KK2 The value of this KK2 is the value of about 
1 i to t 2 with which the air-fuel ratio of the air-fuel 
m xture fed into the combustion chamber 3 be- 
comes about 12.0 to 13.5. It is also possible to 
make the value of this KK2 different from the value 
of KK1. and make the same as the same value as 
the value of KK1. When the correction coefficient 
Kt is made KK2, the air-fuel ratio of the air-fuel 
mixture fod into the combustion chamber 3 is 
made r*ch Subsequently, at step 624, the switch 
valve 27 is switched to the bypass opening posi- 
tion, and U>us the exhaust gas flowing out of the 
SO, absorbert 18 is fed into the bypass passage 
24 

Subsequently at step 625, it is determined 
whether rw not th*-» SO, amount Ws has become 
smaller th^n *tv tower hmtt value MIN, and when 
Ws £ MIN *ne [vr*- nssing cycle is completed 
Contrary to this when Ws becomes smaller than 
MIN. the processing routine goes to step 626. at 
which the switch va*ve 27 is switched to the bypass 
closed position, and then the processing routine 
goes to step 627 a! which the SO y releasing flag is 
reset When the SO. releasing flag is reset, the air- 
fuel ratio cf XtMj air-tuel mixture fed into the com- 
bustion chamoer 3 is switched from rich to lean 
Accordingly, wfxn Ws becomes larger than Wso. if 
T > To. from wtx>n the Ws becomes larger than 
Wso to when Ws becomes smaller than MIN, the 
air-fuel ratio of the air-fuel mixture fed into tne 
combustion chamber 3 is made rich and, at the 
same time, ttn,- switch valve 27 is helc at tne 
bypass opuntrvj ^ •. «v»n Thus . during this- term 
the SO, is released from the SO x absorbent 18. 
and the released SO, is fed into the bypass pas- 
sage 24. 

On the other rand when it ;S determined at 
step 609 that K t 1 0 that is. when the target air- 
fuel ratio of the an-i^ei mature which should be fed 
into the combcstion chamber 3 becomes the-- 
stoichiometric air-tuel ratio or rich, the processing 
routine goes to step 628. at which the NO x releas- 
ing flag is reset and then the processing routine 
goes to step 629. ai which the SO x releasing flag is 
reset. Subsequently, at step 630, the switch valve 
control shown in Fig 32D is carried out. In this 
switch valve control, as shown in Fig. 32D, first of 
all, it is determined at step 631 whether or not the 
SO x processing flag rias been set. When the SO* 
flag has not been but. thu processing routine goes 
to step 632, at winch it is determined whether or 
not the SO x amount Ws is larger than the set up 
value Wk (MIN < Wk < Wso) When Ws 5 Wk. the 



processing routine goes to step 634, at which the 
switch valve 27 is made the bypass closed posi- 
tion. When Ws ^ Wk even if the SO x is released 
from the SO x absorbent 18, since the SO x release 

5 is small, the switch valve 27 is made the bypass 
closed position 

Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 633, at which it is deter- 
mined whether or not the temperature T of exhaust 

w gas flowing into the SO x absorbent 18 is higher 
than the set value To (Fig. 26A). When T < To, the 
processing routine goes to step 634. Namely, when 
T < To almost no SO x is released from the SO x 
absorbent 18, and therefore the switch valve 27 ts 

75 made the bypass closed position. Note that, the 
NO x is released from the NO x absorbent 19 when 
the switch valve 27 is held at the bypass closed 
position 

On the other hand, when it is decided at step 

20 633 that T > To, the processing routine goes to 
step 635, at which the SO* processing flag is set. 
When the SO x processing flag is set, the process- 
ing routine goes from step 631 to step 633, at 
which the switch valve 27 is switched to the bypass 

25 opening position. Namely, when Ws > Wk and T > 
To. a certain amount of SO x is released from the 
SO x absorbent 18. and therefore the switch valve 
27 is made the bypass opening position so as to 
feed the released SO x into the bypass passage 24. 

30 Suosequentfy, at step 637, it is determined whether 
or not the amount Ws of SO x becomes smaller 
than the lower limit value MIN. When Ws becomes 
smaller than MIN, the processing routine goes to 
step 638, at which the SO x processing flag ts reset, 

35 When the SO x processing flag is reset, in the next 
processing cycle, the processing routine goes from 
step 631 to step 632. since it is determined that 
Ws is ec.ja to or smaller than Wk at :his time, and 
therefore the processing routine goes to step 634. 

40 at which the switch valve 27 is switched to the 
bypass closed position. 

On the other hand, where the SO x flag has 
been set when the operation state' is changed from 
the state where K > 1 .0 to the state where K < 1 .0, 

45 the processing routine goes from step 610 to step 
611, at which the SO x processing flag is reset. 
Suosequently, at step 612, the switch valve 27 :s 
switched to the bypass closed position. 

Figure 34 shows the calculation routine of the 

so fuel injection time TAU. which routine is repeatedly 
executed, 

Referring to Fig. 34, frst of all, at step 650, the 
correction coefficient K determined in accordance 
with the engine operation state shown in Fig. 25 is 
55 calculated. Subsequently, at step 651, the basic 
fuel injection time TP is calculated from the map 
shown in Fig. 2. Subsequently, at step 652, it is 
determined whether or not the NO x releasing flag 
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has been set. and when the NO x releasing flag has 
not been set. the processing routine goes tc step 
653 at which it is determined whetner or not the 
SO* releasing f;ag nes oeen set. When tht 30 x 
releasing fiag has not been set. the processing 
routine goes to steo 654. at which the correction 
coefficient K :s made Kt. ana tnen at step 655 ; tne 
fuel injection time TAJ < = TP • Kt) is calculated 
by multiplying the basic fuel injection time TP by 
Kt. Accordingly, when the NO* releasing flag and 
tne SO x releasing 'lag have not been set. the air- 
fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes the air-fuel ratio deter- 
mined by the correction coefficient K. 

Contrary tc- this, when the NO x releasing flag is 
set. the processing routine jumps to step 655. and 
wnen the SO* releasing flag is set, the processing 
routine goes to step 655. When the NO* releasing 
flag is set. in tne routine shown m Figs. 32A to 
32D, Kt is made equal to KK1 <KK1 > 1.0). and 
therefore the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is made rich, while 
when the SO y releasing flag is set, in the routine 
shown in Figs. 32A to 32D, Kt is made equal to 
KK2 (KK2 > 1.0). and therefore the air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber 3 is made rich. 

Figures 35A to 35D show the Hag switch valve 
control routine for executing the NO x and SO x 
releasing control snown in Fig. 29. which routine is 
executed by interruption at every predetermined 
time interval. Note that, in this embodiment, the 
flow chan part showr in Fig. 35A, Fig. 35B. and 
Fig. 35D is substantially the same as the flow chart 
part shown in Fig. 32A. Fig. 32B, and Fig. 32D. and 
the par which is basically different from them is 
only the flow chart part shown in Fig. 35C. 

Namely, -eferr- ng tc Figs. 35A to 35D *>s* o* 
all. at step 700. it is determined whether or not the 
correction coefficient Kt with respect to tne basic 
fuel injection time TP is smaller than 1.0. When Kt 
< 1.0, that is, when the lean air-fuel mixture is fed 
into the combustion chamoer 3, the processing 
routine goes to step 701. at which the NO* amount 
Wn (= Wn + K- • N * PM) is calculated, and 
then the processing routine goes to step 702, at 
which tne SO x amount Ws ( = Ws + K 2 • N • 
PM) is calculated. Here. N indicates the engine 
rotational speed, P indicates the absolute pressure 
in the surge tank 10, and K- and K 2 indicate 
constants (K- > Kr). Then, the processing routine 
goes to step ^09. 

On the other hand, when it is determined at 
step 700 that Kt k 1.0. that is. when the air-fuel 
ratio of the air-fue 1 mixture fed into the combustion 
chamber 3 is the stoichiometric air-fuel ratio or 
rich, the processing routine goes to step 703. at 
wmcn the NOx amoun- Wn < = Wn - Wn • f(T) • f- 



(K*)j -s calculated, and then the processing routine 
goes to step 704. at which the SO y amount Ws ( = 
Ws - Ws • gfH • g(Kt); is calculated. Here ffTj 
and y^'Ti indicate the NO x releasing rats and SO x 
5 releasing rate snown in Fig. 26A, respectively and 
f ('Kt ) and g(Kf; indicate the NO, releasing rate and 
SO x releasing rate snown in Fig. 26B. respectively 

When the NO> amount W-~ is calculatec at step 
703. anc the SO> ; amount Ws is calculated at seep 
ic 704. the processing routine goes to step 705. at 
which it is determined whether or not tne NO* 
amount Wn has become negative When Wn < 0, 
the processing routine goes to step 706, at which 
Wn is nr.ade zerc. and then, the processing routine 
75 goes to step 707. At step 707. it is determined 
whether or not the SO x amount Ws becomes nega- 
tive. When Ws < 0, the processing routine goes to 
steo 708. at wnich Ws is made zero, and then the 
processing routine goes to step 709. 
20 At step 709. it is determined whether or not the 

correction coefficient K determined according to 
tne engine ooeration state shown in Fig. 25 is 
smaller than 1.0. When K < 1.0. that is, when the 
target air-fuel ratio determined according tc- the 
25 operation state of the engine is lean, the process- 
ing routine goes to step 710. at which it is ceter- 
mined whether or not the SO y processing has been 
set. When the SO x processing flag has not been 
set. the routine jumps to step 713. at which it is 
30 determined whether or not the SO, and NO }; releas- 
ing flag has been set. When the SO >: and NO* 
releasing fiag has no: been set, the processing 
routine goes to step 714. at which it is determined 
whether or not tne NO> releasing fiag has been set. 
35 When the NO x releasirg flag has not been set. the 
processing routine goes to step 715. 

At step 715. :t is determined whether or not the 
SO, amount Ws has become -c.' ge- nan t^e - 
mum allowable value Wso (Fig. 31). When Ws S 
40 Wso. the processing routine goes tc step 71 6. at 
which it is determined whether or not tne NO x 
amount Wn has become larger than the maximum 
allowable value Wno. When Wn < Wno, the pro- 
cessing cycle is completed. At th:s time, the lean 
45 air-fuel mixture is fed into the combustion chamber 
3. and the switch valve 27 is held at the bypass 
closed position. 

On the other hand, when it ts determined at 
step 716 that the Wn becomes larger than Wno, 
so the processing routine goes to step 717, at which 
the NO x releasing flag :s set, and tnen the process- 
ing cycle is completed. In the next processing 
cycle, it is determined at step 714 that the NO x 
releasing flag has been set, and therefore the pre- 
ss cessing routine goes to step 718, at which the 
correction coefficient Kt is made KK1 . The value of 
this KK1 is a value of about 1.1 to 1.2 with which 
the air-fuel ratio of the air-fuel mixture fed into the 
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combustion chamber 3 becomes about 12.0 to 
13.5. When Kt is made KK1 , the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamoer 3 
is made rich. Subsequently, at step 719, it is deter- 
mined whether or not the NO x amount Wn has 
become smaller than the lower limit value MIN (Fig. 
31), and when Wn £ MIN, the processing cycle is 
completed. Contrary to this, when Wn becomes 
smaller than MIN, the processing routine goes to 
step 720, at which the NO x releasing flag is set. 
When the NO x releasing flag is reset, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is switched from rich to lean. Accord- 
ingly, during a period from when Wn becomes 
larger than Wno to when Wn becomes smaller than 
MIN, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is made rich, and dur- 
ing this time, the NO* is released from the NO x 
absorbent 19 

On the other hand, when it is decided at step 
715 that the SO* amount Ws has become larger 
than the maximum allowable value Wso, the pro- 
cessing routine goes to step 721, at which it is 
determined whether or not the temperature T of 
exhaust gas flowing into the SO x absorbent 18 is 
higher than the set value To (Fig. 26A). When T < 
To, the processing cycie is completed. Contrary to 
this, when T > To, the processing routine goes to 
step 722, at which the SO> and NO* releasing flag 
is set and then the processing cycie is completed. 

In the next processing cycle, it is decided at 
step 713 that the SO* and NO x releasing flag has 
been set, and therefore the processing routine 
goes to step 723, at which it is determined whether 
or not the NO x amount Wn has become smaller 
than the lower limit value MIN. When Wn > MIN, 
the processing routine goes to step 724. at which 
the correct, or, coefficient Kt s made KK1. and then 
the processing cycle is completed. Accordingly, 
when Ws becomes larger than Wso, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich (Kt = KK1) until when Wn 
becomes smaller than MIN. and the switch valve 
27 is held at the bypass closed position. Accord- 
ingly, the NO> will be released from the NO x absor- 
bent 19 during this time. 

On the other hanc, when it is decided at step 
723 that Wn becomes smaller than M!N ; the pro- 
cessing routine goes to step 725, at which the 
correction coefficient Kt is made KK2. The value of 
this KK2 is a vaiue of about 11 to 1.2 with which 
the air-fuel ratio of the ai r -fuel mixture fed into tne 
combustion chamber 3 becomes about 12.0 to 
13.5. It is also possib ; e to make the value of this 
KK2 different from the value of KK1 , or make this 
the same value as the value of KK1. When tne 
correction coefficient Kt is made KK2, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 



chamber 3 is made rich. Subsequently, at step 
726. the switch valve 27 is switched to the bypass 
opening position. Thus, the exhaust gas flowing out 
of the SO x absorbent 18 is fed into the bypass 

5 passage 24 

Si jhsecn jpntiy gt step ^27, it is determined 
whether or not the SO x amount Ws becomes small- 
er than the lower limit value MIN. and when Ws £ 
MIN. the processing cycle is completed. Contrary 

70 to this, when Ws becomes smaller than MIN, the 
processing routine goes to step 728, at which the 
switch valve 27 is switched to the bypass closed 
position, and then the processing routine goes to 
step 729, at which the SO x and NO x releasing flag 

75 ts reset. When the SO x and NO x releasing flag is 
reset, the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is switched from 
rich to lean. Accordingly, if T > To when Ws 
becomes larger than Wso, the air-fuel ratio of the 

20 air-fuel mixture fed into the combustion chamber 3 
is made rich (K = KK2) from when Wn becomes 
smaller than MIN to when Ws becomes smaller 
than MIN and, at the same time, tne switch valve 
27 is made the bypass opening position. Thus. 

25 during this time, the SO x is released from the SO> 
absorbent 18, and the released SO* is fed into the 
bypass passage 24. 

On the other hand, when it is determined at 
step 709 that K ^ 1.0. that is. when the target air- 

30 fuel ratio of the air-fuel mixture which should be fed 
into the combustion chamber 3 becomes the 
stoichiometric air-fuel ratio or rich, the processing 
routine goes to step 730, at which the NO x releas- 
ing flag is reset, and then tne processing routine 

35 goes to step 731 , at which the SO x and NO> 
releasing flag is reset Subsequently, at step 732 
the switch valve control snown in Fig. 35D is car- 
ried out. In th's switch valve control, as shown r- 
Fig. 35D, first of all. at step 733, it is determined 

40 whether or not the SO x processing flag has been 
set. When the SO x processing flag has not been 
set. the processing routine goes to step 734, at 
which it is determined whether or not the SO> 
amount Ws is larger than the set value Wk (MIN < 

45 Wk < Wso). When Ws $ Wk, the processing rou- 
tine goes to step 736, at which the switch valve 27 
is made the bypass closed position. When Ws < 
Wk, even if the SO* ts released from the SO> 
absorbent 18, the amount of the released SO x is 

so small, and therefore the switch valve 27 is maae 
the bypass closed position. 

Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 735, at which it is deter- 
mined whether or not the temperature T of exhaust 

55 gas flowing into the SO x absorbent 18 is higher 
than the set value To (Fig 26AV When T < To. the 
processing routine goes to step 736. Namely, when 
T S To. almost no SO x is released from the SO> 
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atsor&en: 18 and therefore the switch vaive 2~ is 
ma 30 toe byoass ocsed position. No*e thai, the 
NO, is released from tne NO> absorbent 19 when 
U>«j bwr.cri valve 2~~ is heid at the bypass closed 

Or" 1 the o'.he- hand when it is decided a: step 
735 tnat T > To, tne processing routine goes to 
step 737. at wnicr the SO, processing flag is set 
When tne SO* processing f;ag is se;. the process- 
ing routme goes from step 733 to step 738. at 
wnicn tne switch valve 27 is switched to the bypass 
opening position Namely, when Ws > Wk and T > 
To. a certain amount of the SO x is released from 
the SO, absorbent 18, and there-tore the switch 
valve 27 ts maco the bypass opening position so 
as to food the released SO* into the bypass pas- 
sage 24 Subsequently . at step 739. it is deter- 
mined whothof or ^xot the amount Ws of SO> be- 
comes smaller than trie lower limit value Mlfsl 
When Ws txKor-n.* smaller than MIN. the process- 
ing routine o/-w>< t-i oop 740, at which the SO x 
processing ft,ig * M -v*?t Whon the SO x processing 
flag is resot m t*v- r* xi processing cycle, the 
processing routirn- joos trom step 733 to step 734, 
since it ts dotofmtrvo mat Ws is equal to or small- 
er than V/k a* thus time and therefore the process- 
ing routine goes w sk-p 736. at wmch the switch 
valve 27 is switenc-d tc the bypass closed position. 

On the othve* nand, where the S0 X flag has 
been set when t-x- oration state is changec from 
tne state whore K ^ 1 0 to the state where K < 1.0, 
the processing routirx goes from step 710 to step 
711, at wmcn the SO. processing flag is reset. 
Subsequently, at rep 71 2. the switch valve 27 is 
switched to the bypass closed position 

Figure 36 shows *hc calculation routine of the 
fuel injection tim. TAU which routine is substan- 
I a 1 i . the san-v ti •• - r^u'ine S'v--/,"-. ir F:-;; 3 1 
Note that, this routing i repeatedly executed. 

Namely, referring to Fig. 36. first of all, a; step 
750, the correction coefficient K determined in ac- 
cordance with the engirx- operation sta*e shown m 
Fig. 25 is calculak-d Subsequently, at step 751. 
tne basic fuel ir faction t>mc TP is calculated from 
the map shown m FVj 2 Subsequently . at step 
752. it is determined whether or not tne NO x re- 
leasing flag has been set. and when the NO x re- 
leasing flag has net been set, the processing rou- 
tine goes to step /S3. at which it is determined 
wnether or not the SC. and NO* releasing flag has 
beer set. When the SO, and NO, releasing flag 
has not beer, set. ttx processing routine goes to 
step 754. at which tne correction coefficient K is 
made Kt. and then at step 755. the fue; injection 
time TAU (= TP . Kt) is calculated by multiplying 
the basic fuel miuctiur time TP by Kt. Accordingly, 
wnen the NO, releasing Mag and the SO* and NO K 
releasing fiag have not been set. the air-fuel ratio of 



the air-fuel mixture fee into the combustion cham- 
ber 3 becomes tne ar-fue! ratio determined by the 
correction coefficient K 

Contrary to this, wnen tne NO* releasing flay ts 

t- set. tne processing routine jumps to step 755 and 
when the SO x and NO, releasing flag is set. the 
processing routine goes to step 755. Wnen the 
N J> -eieasmg f.ag is set ir the routine snown ir 
Figs. 35A to 35D. Kt is made equaf to KK1 (KK1 > 

:c 1.0). and therefore the air-fuel ratio of the ar-fue 
mixture fed mtc the combustior chamber 3 is 
made rich, while when the SO> and NO* releasing 
flag is set, m the routine shown in Figs. 35A tc 
35D Kt is made equal to KK1 (KK1 > 1.0). anc 

75 then Kt is made equal to KK2 {KK2 > 1.0). anc 
therefore the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamoer 3 :s made rich. 

Figures 37A to 37D show the flag switch valve 
control routine fo' executing the NO x and SO >: 

?o releasing control snown in Fig. 30. which routine is 
eveeuted by interruption at every predetermined 
time interval. Note that, in this embodiment, the 
flow chart part shown in Fig. 37A, Fig. 37B, and 
Fig 37D is substantially the same as the flow chart 

25 par. shown in Fig. 32A Fig, 32B. and Fig. 32D, and 
the part which is basically different from them is 
only the flew chad part shown in Fig. 37C. 

Namely, referring to Figs. 37A to 37D. first of 
a!., at step 800, r :s determinec whetner or not the 

so correction coefficient Kt with respect tc the basic 
fue; injection time TP :s smaller than 1.0. When Kt 
< 1.0. that is, when the lean air-fuel mixture is fed 
into the combustion chamber 3, the processing 
routine goes to step 801. at which the NO> amount 

35 Wn (= Wn * K • N • PM) is calculated, and 
then the processing routine goes to step 802. a' 
wrier the SO x amount Ws (= Ws + K2 • N • 
PMi is car j-3i:C H : .*e N indicates the- engirt 
rotational speed, P indicates the absolute pressure 

40 in the surge tanr 10 ; and K« and K 2 indicate 
constants (K- > Kit. Then, the processing routine 
goes to step 809. 

On the othei nand, when it is determined at 
step 800 that Kt > 1.0, that is. when the ar-fuei 

45 ratio of the air-fue 1 mi>ture fed into the combustion 
chamber 3 is the stoichiometric air -fuel ratio or 
rich, the processing routine goes to step 803. at 
w'-'ich the NOv amount Wn (= Wn - Wn • t(T) - t- 
(Kt)) :s calculated, and then the processing routine 

50 goes to step 804 at which the SO x amount Ws ( = 
Ws - Ws • g(T) • grKt)i is calculated. Here. f(T> 
and g(Ti indicate the NO x releasing rate and SO x 
releasing rate shown in Fig. 26A, respectively, and 
f(Kt) and gi'Kt; indicate- the NO x releasing rate and 

55 SO* releasing rate snown in Fig 26B, respectively 
When the NO* amount Wn is calculated at step 
803 and the SO, amount Ws is calculated at step 
804. the processing routine goes to step 805. at 
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which n ts oetermmed whether or not the NO x 
amount Wn has become negative When Wn < 0, 
the processing routine goes to step 806, at which 
Wn ib made zero, and then, the processing routine 
yous to step 807 At step 807, it is determined 
whether or not the SO. amount Wr, become? nega- 
tive When Ws < 0, the processing routine goes to 
step 808, at which Ws is made zero, and then the 
processing routine goes to step 809. 

At step 809. it is determined whether or not the 
correction coefficient K determined according to 
the cngmc operation state shown in Fig. 25 is 
smaller than 1.0. When K < 1.0, that is, when the 
tar^ot air-fue! ratio determined according to trie 
or-oration state of the engine is lean, the process- 
ing rout ne goes to step 810, at which it is deter- 
mined whether o' not the SO x processing has been 
set When the SO* processing flag has not been 
set the routine jumps to step 813, at which it is 
dotormmoc whether or not the SO> and NO K releas- 
ing (lag has been set When the SO A and NO> 
m^a^ing flag has not been set, the processing 
rovitme goos to step 814, at which it is determined 
whether or not the NO x releasing flag has been set 
When the NO, releasing flag has not been set, the 
processing routine goes to step 815. 

At step 815. it is determined whether or not the 
SO, amount Ws has become larger than the maxi- 
mum allowable value Wso (Fig. 31). When Ws S 
Wso, the processing routine goes to step 816, at 
which it is cetermined whether or not the NO> 
amount Wn has become larger than the maximum 
allowable value Wno. When Wn < Wno, the pro- 
cessing cycle is completed. At this time, the lean 
air-fuet mixture is fed into the combustion chamber 
3. and the switch valve 27 is heid at the bypass 
closed position 

On the o:he* nana, when it s determined a' 
step 816 that the Wn becomes larger than Wno. 
the processing routine goes to step 817, at which 
the NO x releasing flag is set. and then the process- 
ing cycle is completed. In the next processing 
cycle, it is determined at step 814 that the NO> 
releasing flag has been set, and therefore the pro- 
cessing routine goes to step 818, at which the 
correction coefficient Kt is made KK1. The value of 
this KK1 is a value of about 11 to 1.2 with which 
the air-fue! ratio of the ar-fuel mixture fed into the 
combustion chamber 3 becomes about 12.0 to 
13 5. When K: is made KK1, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is made rich. Subsequently, at step 819, it is deter- 
mined whether or not the NO x amount Wn has 
become smaller than tne iower limit value MIN (Fig. 
31), anc when Wn k MIN, the processing cycle is 
completed. Contrary to this, when Wn becomes 
smaller than MIN, the processing routine goes to 
step 820, at which the NO x releasing flag is set. 



When the NO x releasing flag is reset, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is switched from rich to lean. Accord- 
ingly, during a period from when Wn becomes 
5 larger than Wno to when Wn becomes smaller than 
MIN, the air-fue! ratio of the air-fue! mixture fed into 
the combustion chamber 3 is made rich, and dur- 
ing this time, the NO* is released from the NO x 
absorbent 19. 

70 On the other hand, when it is decided at step 

815 that the SO x amount Ws nas become larger 
than the maximum allowable value Wso, the pro- 
cessing routine goes to step 821, at which it is 
determined whether or not the temperature T of 

75 exhaust gas flowing into the SO x absorbent 18 is 
higher than the set value To (Fig. 26A). When T £ 
To, the processing cycle is completed. Contrary to 
this, when T > To. the processing routine goes to 
step 822, at which the SO x and NO, releasing flag 

20 is set and then the processing cycle is completed 
In the next processing cycle, it is decided at 
step 813 that the SO x and NO K releasing flag has 
been set. and therefore the processing routine 
goes to step 823, at which it is determined whether 

25 or not the S0 X amount Ws has become smaller 
than the iower limit value MIN, When Ws > MIN, 
the processing routine goes to step 824, at which 
the correction coefficient Kt is made KK2 The 
value of this KK2 is a value of about 1.1 to 1.2 with 

30 which the air-fue! ratio of the air-fuel mixture fed 
into the engine combustion chamber 3 becomes 
about 12.0 to 13.5. It is also possible to make the 
value of this KK2 different from the value of KK1 , or 
make this, the same value as the value of KK1 

35 When the correction coefficient Kt is made KK2, 
the air-fuel ratio of the air-fue! mixture fed into the 
combustion chamber 3 is made rich. Subsequently, 
at s r ep 825. the swi:ch valve 27 is switcned '(■ the 
bypass opening position. Subsequently, the pro- 

40 cessing cycle is completed. Accordingly, if T > To 
when Ws becomes larger than Wso, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich from when Ws becomes 
larger than Wso to when Ws becomes smaller than 

45 MIN and, ai the same time, the switch valve 27 is 
held at the bypass closed position. Thus, during 
this term, the SO> is released from the SO> absor- 
bent IS. and the released SO* is fed into the 
bypass passage 24. 

so On the other hand, when it is determined at 

step 823 that Ws becomes smaller tnan MIN, the 
processing routine goes to step 826, at which the 
correction coefficient Kt is made KK1, and then the 
processing routine goes to step 827, at which the 

55 switch vaive 27 is switched to the bypass closed 
position. Subsequently, at step 828 it is deter- 
mined whether or not the NO x amount Wn be- 
comes smaller than the iower limit value MIN, and 

25 
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wnen Wn Z MtN. the processing cycle is com- 
pietec. Contrary to this, wnen Wn becomes smaller 
than M!N. the processing routine goes to step 829. 
at wnicn the SO> and N0> releasing flag is reset, 
and then the processing cycle is completed. Ac- 
co r d:ng : y. when Ws becomes smaller than MIN 
tne air-fue, ratio of the a. '-fuel mi/tu r e 'ed mo the 
comoustton chamber 3 is maae -ion (Kt = KKl > 
until wnen Wn becomes smaller tnan MIN. and the 
switch valve 27 is oeld at the bypass closed posi- 
tion. Accordingly, tnis means tnat N0 K is released 
from the NO, absorbent 19 during this time. 

On the other hand, when it is determined at 
step 809 tnat K k 1.0. that is. when the target air- 
fue; ratio of the air-fue mixture which should be fed 
into the combustion chamber 3 becomes the 
stoichiometric air-fuel ratio or rich the processing 
routine goes to step 830 at which the NO x releas- 
ing flag is reset, and then tne processing routine- 
goes to step 831 at which the SO x and NO, 
releasing flag is reset Subseouently. at step 832 
the switch valve control showr in Fig 37D is car- 
ried out. In tnis switch valve control, as shown in 
Fig 37D. first of all. at step 833 it is determined 
wnether or net The SO* processing flag has been 
set. When the SO, processing flag has not been 
set, the processing routine goes to step 834. at 
wnicn it is determined wnether or not the SO> 
amount Ws is larger than the set up value Wk (MIN 
< Wk < Wsd). Wnen Ws £ Wk. tne processing 
routine goes to step 836. at which the switch vaVe 
2 T is made tne bypass closed position. When Ws 
^ Wk, even if the SO x is Pleased from the SO> 
absorbent 18, the amount of the released SO x is 
small, and therefore tne switcn valve 27 is made 
the bypass closed position. 

Contrary to this, wner Ws > Wk. trie process- 
'nc. routine ooes tc sior_ 8?f at which it i e ■1et-; t - 
mmed wnether or not the temperature T of e>haus* 
gas flowing into the SO y absorbent 18 is higher 
than the set value To (Fig 26A) When T < To, the 
processing routine goes to step 836. Namely, when 
T < To, almost no S0 K is released from the SO> 
absorbent 1£, and therefore switcn valve 27 is 
made tne bypass closed position Note that, the 
NO, is released from the NO> absorbent 19 when 
the switch valve 27 is held at the bypass closed 
position. 

On the other hand, when it is decided a* step 
835 that T > To. the orocessinc routine goes to 
step 837, at which the: SO x processing flag is set 
Wnen tne SO K processing f;ag is set. the process- 
ing routine goes from step 833 to step 838, at 
wnicn the switch valve 27 is switched to the bypass 
opening position. Namely, when Ws > Wk and T > 
To. a certain amount of the SO* is released from 
the SO x absorbent 18. and therefore the switch 
valve 27 is maae the bypass opening position so 



as to feed released SO x into the bypass pas- 
sage 24. S .csequently. at step 839, it is ceter- 
mmed whetner cr not the amount Ws of SO, be- 
comes smaller tnan tne lower limit vaiue MiN. 
5 Wrier Ws oeconres smaller tnar; MIN. tne process- 
ing routine goes to step 840. at wnicn the SO y 
processing flag is reset. When the SO x processing 
flag s reset, in tre next orocessing Cv'Cle the 
processing routine goes frorr step 833 to step 834. 

io since it ;s determined that Ws is equal to cr small- 
er tnan Wi< at this time, ana therefore the process- 
ing routine goes to step 836, at which the switch 
vaive 27 is swtched to the bypass closed position. 
On the othe- hand, where the SO : . flag has 

75 been se: wnen the operation state is changed from, 
the state wnere K ^ 1 .0 to the state whe r e K < 1 .0 
the processing routine goes from step 810 to step 
811. at which the SO x orocessing flag is reset 
Subsequently, at step 812, the switch valve 27 is 

?o switchec to the bypass closed position 

Figure 38 shows the calculation routine of the 
fuel injection t me TAU wnicn routine is e>actly the 
same as the routine shown ir Fig. 36. 

Namely, referring to Fig. 38. first of all, at step 

?5 850 me correction coefficient K determined in ac- 
cordance with the engine operation state shown in 
Fig. 25 is calculated. Subsequently, at step 851. 
the basic fuel injection time TP is calculated from 
the map shown in Fig. 2. Subsequently at step 

30 852. it is determined whether or not the NO. re- 
leasing flag has been set, and wnen the NO* re- 
leasing flag has not been set. the processing rou- 
tine goes to steo 853, at which it is determined 
whether or no* the SO>. and NO x releasing flag has 

35 been set. When tne SO> and NO, releasing flag 
has not been set. the processing routine goes to 
step 854. at which the correction coeffoem K is 
mace- ¥ :.. and the- a* steo 855. the fuc' inje-*ic>r 
time TAJ (= TP • Kt) is ca cu ated by multiplying 

40 the basic fuel injection time TP by Kt. Accordingly, 
when the NO x releasing flag and tne SO, and NO> 
releasing flag have no r been set. the air-fuel ratio of 
the air-fuel mixture fee into the combustion cnam- 
be- 3 becomes tne air-fuel ratio determined by the 

45 co'rection coefficient K. 

Contrary to this, when the NO x releasing flag is 
set. the processing routine jumps to step 855. and 
when the SO x and NO >: releasing flag is set. the 
processing routine goes to step 855. When the 

so N0 >: releasing flag is set. ir. the routine soowr. in 
Figs. 37 A to 37D, Kt is made equal to KKi (KK1 > 
1.0). and therefore the air-fuel ratio of the air-fuel 
mi>iure fed into the combustion chamber 3 is 
maae rich, while when the SO x and NO x leleasing 

55 flag is set. in the r outine shown in Figs 37A to 
37D, Kt is made equal to KK2 (KK2 > 1.0). arid 
then Kt is made equal to KK1 (KK1 > 1.0). and 
therefore the air-fuel ratio of the an -fuel mi<ture fed 
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into the combustion chamber 3 is made rich 

Figures 39A to 39E show the flag switch valve 
control routine for performing the NO x and SO x 
releasing control shown in Fig. 29 when the ex- 
haust gas temperature T is lower than the set up 
temperature Tt, while performing the NCl and SO>, 
releasing control shown in Fig. 30 when the ex- 
haust gas temperature T becomes higher than the 
set temperature Tt, which routine is executed by 
interruption at every predetermined time interval. 
Note that, in this embodiment, the fiow chart part 
shown in Fig. 39A, Fig. 39B, and Fig. 39E is 
substantially the same as the fiow chart part shown 
in Fig. 32A, Fig. 32B r and Fig. 32D, and the part 
which is basically different from them is only a flow 
chart part shown in Fig. 39C and Fig. 39D. 

Namely, referring to Figs. 39A to 39E, first of 
all, at step 900, it is determined whether or not the 
correction coefficient Kt with respect to the basic 
fuel injection time TP is smaller than 1.0. When Kt 
< 1.0, that is, when the lean air-fuel mixture is fed 
into the combustion chamber 3, the processing 
routine goes to step 901, at which the NO x amount 
Wn (= Wn + Ki • N • PM) ts calculated, and 
then the processing routine goes to step 902. at 
which the SO x amount Ws ( = Ws + K2 • N - 
PM) is calculated. Here, N indicates the engine 
rotational speed, P indicates the absolute pressure 
in the surge tank 10, and and K 2 indicate 
constants (Ki > K 2 ). Then, the processing routine 
goes to step 909. 

On the other hand, when it is determined at 
step 900 that Kt ^ 1.0. that is, when the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is the stoichiometric air-fuel ratio or 
rich, the processing routine goes to step 903. at 
which the NO* amount Wn (= Wn - Wn • f(T) * f- 
(Kt)) is calculated anc men the processing routine 
goes to step 904. at which the SO x amount Ws ( = 
Ws - Ws • g(T) • g (Kt}) is calculated Here, f(T) 
and g(T) indicate the NO* releasing rate and SO* 
releasing rate shown in Fig. 26A, respectively, and 
f(Kt) and g(Kt) indicate the NO K releasing rate and 
SO x releasing rate shown in Fig. 26B, respectively 

When the NO x amount Wn is calculated at step 

903, and the SO x amount Ws is calculated at step 

904, the processing routine goes to step 905, at 
which it is determined whether or not the NO x 
amount Wn has become negative. When Wn < 0. 
the processing routine goes to step 906, at which 
Wn is made zero, and then, the processing routine 
goes to step 907. At step 907, it is determined 
whether or not the SO> amount Ws becomes nega- 
tive. When Ws < 0, the processing routine goes to 
step 908, at which Ws is made zero, and then the 
processing routine goes to step 909. 

At step 909, it is determined whether or not the 
correction coefficient K determined according to 



the engine operation state shown in Fig. 25 is 
smaller than 1.0. When K < 1.0, that is, when the 
target air-fuel ratio determined according to the 
operation state of the engine is lean, the process- 

5 ing routine goes to step 910, at which it is deter- 
mined whether or not the SO x processing hat> been 
set. When the SO x processing flag has not been 
set. the routine jumps to step 913, at which it is 
determined whether or not the SO x and NO x re;eas- 

70 ing flag has been set. When the SO x and NO x 
releasing flag has not been set, the processing 
routine goes to step 914. at which it is determined 
whether or not the NO x releasing flag has been set. 
When the NO* releasing flag has not been set, the 

75 processing routine goes to step 915. 

At step 915, it is determined whether or not the 
SO x amount Ws has become larger than the maxi- 
mum allowable value Wso (Fig. 31). When Ws < 
Wso, the processing routine goes to step 916. at 

20 which it is determined whether or not the NO x 
amount Wn has become larger than the maximum 
allowable value Wno. When Wn < Wno. the pro- 
cessing cycle is completed. At this time, the lean 
air-fuel mixture is fed into the combustion chamber 

25 3, and the switch valve 27 is held at the byoass 
closed position. 

On the other hand, when it is determined at 
step 916 that the Wn becomes larger than Wno, 
the processing routine goes to step 917, at which 

so the NO x releasing flag is set, and then the process- 
ing cycle is completed. In the next processing 
cycle, it is determined at step 914 that the NO x 
releasing flag has been set, and therefore the pro- 
cessing routine goes to step 918. at which the 

35 correction coefficient Kt is made KK1. The value of 
this KK1 is a value of about 1.1 to 1.2 with which 
the air-fuel ratio of the air-fuel mixture fed into the 
c omb jstion chamber 3 oecomes aoout 1 2.D tc 
13.5. When Kt is made KK1, the air-fuel ratio of the 

40 air-fuel mixture fed into the combustion chamber 3 
is made rich. Subsequently, at step 919, it is deter- 
mined whether or not the NO x amount Wn has 
become smaller than the lower limit value MIN (Fig 
31), and when Wn £ MIN, the processing cycle is 

45 completed. Contrary to tnis, when Wn becomes 
smaller than MIN. the processing routine goes to 
step 920, at which the NO x releasing flag is set 
When the NO K releasing flag is reset, the air-fuei 
ratio of tne air-fuel mixture fed into the combustion 

so chamber 3 is switched from rich to lean. Accord- 
ingly, during a perrod from when Wn becomes 
larger than Wno to when Wn becomes smaller than 
MIN, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is made rich, and dur- 

55 ing this time, the NO x is released from the NO x 
absorbent 19. 

On the other hand, when it is decided at step 
915 that the SO >: amount Ws has become larger 

27 
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than the maximum allowable value Wso. the pro- 
cessing routine goes to step 921 . at which it is 
determined whether or not the temperature T ot 
exhaust gas flowing into the SO., aosoroent 18 is 
highei than the se: value To (Fig. 26A) When T < 
To the processing cycle is completed Contrary tc 
th:s, when T > To the processing nutme goes tc 
step 922. at wm;r. tne SO x anc NO,, releasing flag 
is set and then the orocessmg cycle s completed. 

In the next processing cycle it is decided at 
step 913 that the SO, and NO x releasing Hag has 
beer set. and therefore the processing routine 
goes to step 923, at which it is determined whether 
or not tho oxhaust gas temperature T \< highe' than 
the- sot up tomperature Tt (Tt > To) When T ^ Tt. 
tho processing routine goes to step 924, at which it 
is determined whether or not the NO* amount Wn 
becomes smaller than the lower limit value MIN. 
When Wn > MIN the processing routine goes to 
step 925 at which the correction coefficient Kt is 
marte KK1. and then the processing cycle is com- 
ptatorl Accordingly, when To < T < Tt. if W? 
becomes larger than Wso, the air-fuel ratio ol the 
atr-fuel mixture led into the combustion chamber" 3 
is made rich i Kt = KK1) until Wn becomes smaller 
than MIN. and the switch valve 27 is held the 
bypass closed position. Accordingly during this 
time, the NO, will be released from the NO, absor- 
bent 19. 

On the othe^ hand, when it is decided a: step 
924 that Wn becomes smaller thar MIN. the pro- 
cessing routine goes to step 926 at wmcn the 
correction coefficient Kt is made KK2. Tne value of 
this KK2 is a value of about 1.1 to 12 with which 
the air-tue! ratio of the air-fuel mixtu r e fed into the 
combustion chamber 3 becomes about 12.0 to 
13 5 It is also possible to ma^e tne value of tnis 
y.K2 different from the value cf KK 1 o ' make tm f 
the same value as the value of KK1. When the 
correction coefficient Kt is made KK2, the air-fuei 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich. Subsequently, at step 
927, the switch valve 27 is switched to the bypass 
opening position. Thus, the e<haust gas flowing out 
of the SO x absorbent 18 is fed mio the bypass 
passage 24. 

Subsequently, at step 928. it is de:ermined 
whether or not the SO y amount Ws becomes small- 
er than the lower limit value MIN. ana when Ws i 
MIN. the processing cycle is completed. Contrary 
to this, when Ws becomes smaller than MIN, the 
processing routine goes to step 929, at which the 
switch valve 27 is switchec to the bypass closed 
position, and then the processing routine goes to 
step 930, at which the SO* and NO x releasing flag 
is reset. When the SO y and NO x releasing flag :s 
reset, tne air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is switched from 



rich to lean. Accordingly, if Tt t T > To when Ws 
becomes larger than Wno. the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is made rich {K - KK2) from when Wr. becomes 

t smaller than MIN to when Ws becomes smaller 
than MIN and. a: the same time, the switch valve 
27 is mace the bypass opening posiiion. Tnus. 
dunng this time, the S0>. is pleased from the SO x 
absorbent 18. and tne released SO x is fed into the 

70 bypass passage 24. 

On the other hand, when it is determined at 
step 923 that T > Tt, the processing routine goes 
to step 931 , at which it is determined whether or 
not the SO x amount Ws has become smaller than 

75 the lower limit value MIN. When Ws > MIN, the 
processing routine goes tc step 932. at which the 
correction coefficient Kt is made KK2. When the 
correction coefficient Kt is made KK2, the air-fuel 
ratio of the air-fuel mixture fed into tne combustion 

20 chamber 3 is made nch. Subsequently, at step 
933, the switch valve 27 is switched to the bypass 
opening position. Subsequently, the processing cy- 
cle is completed Accordingly, if T > Tt when Ws 
becomes larger than Wso, the air-fuel ratio of the 

25 air-fue! mixture fed into the combustion chamber 3 
is made rich from when Ws becomes larger than 
Wso to when Ws becomes smaller than MIN and, 
at the same time, the switch valve 27 is held at the 
bypass closec position. Thus, during this term, the 

30 SO x is released from the SO x absorbent 18. and 
the released SO x is fed into the bypass passage 
24. 

On the other hand, when it is determined at 
step 931 that Ws becomes smaller than MIN, the 

35 processing routine goes to step 934. at which the 
correction coefficient Kt is made KK1. and then the 
processing routine goes to step 935. at which the 
switc* vave 27 is switched \o the tyoass closed 
position. Subsequently, at step 936, i: is oeter- 

40 mined whether or not the N0 X amount Wn be- 
comes smaller than the lower limit value MIN, and 
when Wn £ MIN. the processing cycle is com- 
pleted. Contrary to this, when Wn becomes smaller 
than MIN. the processing routine goes to step 937. 

45 at which the SO x and NO x releasing flag is reset, 
and then the processing cycle ts completed. Ac- 
cordingly when Ws becomes smaller than MIN, 
the air-fuel ratio of the air-tuet mixture fed into the 
combustion chamber 3 is maae rich (Kt = KK1 ) 

so until when Wn becomes smaile' than MIN, and the 
switch valve 27 is held at tne bypass closed posi- 
tion. Accordingly, this means that NO x is released 
from the NO> absorbent 19 during this time. 

On the other hand, when it is determined at 

55 step 909 that K ^ 1.0, that is. when the target air- 
fuel ratio of the air-fuel mi>ctu r e which should be fed 
into the combustion chambe" 3 becomes the 
stoichiometric air-fuel ratio or rich, the processing 
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routine goes to step 938. at which the NO x releas- 
ing flag is reset, and then the processing routine 
goes tc step 939, at which the SO* and NO x 
releasing flag is reset. Subsequently, at step 940, 
the switch valve control shown in Fig 39E is car- 
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Fig. 39E, first of all, at step 941, it is determined 
whether or not the SO* processing flag has been 
set. When the SO* processing flag has not been 
set. the processing routine goes to step 942, at 
which it is determined whether or not the SO x 
amount Ws is larger than the set value Wk (MIN < 
Wk < Wsc). When Ws i Wk. the processing rou- 
tine goes to step 944, at which the switch valve 27 
is made the bypass closed position. When Ws ^ 
Wk. even if the SO* is released from the SO x 
absorbent 18, the amount of the released SO* is 
small, and therefore the switch valve 27 is made 
the- bypass closed position 

Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 943, at which it is deter- 
mined whether or not the temperature T of exhaust 
gas flowing into the SO K absorbent 18 is higher 
than the set value To (Fig. 26A). When T < To, tne 
processing routine goes to step 944. Namely, when 
T < To, almost no SO x is released from the SO y 
absorbent 18. and therefore switch valve 27 is 
made the bypass closed position. Note that, the 
N0 X is released from the N0 X absorbent 19 when 
the switch valve 27 is held at the bypass closed 
position. 

On the other hand, when it is decided at step 
943 that T > To, the processing routine goes to 
step 945, at which the S0 X processing flag is set. 
When the SO x processing flag is set, the process- 
ing routine goes from step 941 to step 946. at 
which the switch valve 27 is switched to the bypass 
opening pes it ion. Namely wn^n Ws > Wk and T 
To, a certain amount of the SO> is released from 
the SO x absorbent 18, and therefore the switch 
valve 27 is made the bypass opening position so 
as to feed the released SO >: into the bypass pas- 
sage 24. Subsequently, at step 947. it is deter- 
mined whether c not the amount Ws of SO* be- 
comes smaller than the lower limit value MIN. 
When Ws oecomes smaller than MIN, the process- 
ing routine goes to step 948. at which the SO x 
processing flag is reset. When the SO x processing 
flag is reset, in the next processing cycle, the 
processing routine goes from step 941 to step 942, 
since it is determined that Ws is equal to or small- 
er than Wk at this time, and therefore the process- 
ing routine goes to step 944, at which the switch 
valve 27 is switched to the bypass closed position. 

On the other hand, where the SO x flag has 
been set when the operation state is changed from 
the state where K Z 1 .0 to the state where K < 1.0, 
the processing routine goes from step 910 to step 



911, at which the SO x processing flag is reset. 
Suosequently, at step 912, the switch valve 27 is 
switched to the bypass closed position. 

Figure 40 shows the calculation routine of the 

5 fuel injection time TAU, which routine is exactly the 
same as the routine bhuwn in Fiy. 36. 

Namely, referring to Fig. 40. first of all, at step 
950, the correction coefficient K determined in ac- 
cordance with the engine operation state shown in 

70 Fig. 25 is calculated. Subsequently, at step 951 , 
the basic fuel injection time TP ts calculated from 
the map shown in Fig. 2. Subsequently, at step 
952. it is determined whether or not the NO x re- 
leasing flag has been set, and when the NO* re- 

75 leasing flag has not been set, the processing rou- 
tine goes to step 953. at which it is determined 
whether or not the SO x and NO x releasing flag has 
been set. When the SO x and NO* releasing flag 
has not been set, the processing routine goes to 

20 step 954. at which the correction coefficient K is 
made Kt, and then at step 955, the fuel injection 
time TAU ( = TP • Kt) is calculated by multiplying 
the basic fuel injection time TP by Kt. Accordingly, 
when the NO x releasing flag and the SO x and NO x 

25 releasing flag have not Deen set. the air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber 3 becomes the air-fuel ratio determined by the 
correction coefficient K. 

Contrary to this, when the NO x releasing flag is 

30 set, the processing routine jumps to step 955, and 
when the SO x and NO x releasing flag is set. the 
processing routine goes to step 955. When the 
NO x releasing flag is set, in the routine shown in 
Figs. 39A to 39E, Kt is made equal to KK1 (KK1 > 

35 1.0), and therefore the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is 
made rich wh;le when the SO x and NO x releasing 
flag ! s set. in the routine shown tn Figs. 39A tc 
39E, Kt is made equal to KK1 (KK1 > 1.0) or Kt is 

40 made equal to KK2 (KK2 > 1.0), and therefore the 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is made rich. 
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An exhaust purification device of an internal 
combustion engine provided with: 
an exhaust passage; 

an NO x absorbent which is arranged in 
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said exhaust oassage. absorbs the NO x when 
the air-fuei ratio of an inflowing exhausi gas is 
lean and at the sane time, releases the ab- 
soroed NO x when an o>yger concentrat>on in 
the inflowing exhaust gas is lowerec: 5 

ar SO x absorbent which is arranged in 
said exhaust passage or tne upstream side of 
said NO x aosoroent, absorbs :ne SO x wnen tne 
air-fuel ratic of the inflowing exhaust gas is 
lean and. a: the same time, releases the ab- ic 
soroed SO x when the air-fuel ratio of the in- 
flowing exhaust gas ts made rich: and 

an air-fuel ratio control means which con- 
trols the air-fuel ratio of the e-haust gas flow- 
ing into said SO K absorbent, usually maintains 75 
the air-fuel ratio o* the exhaust gas flowing into 
said SO x absorbent lean, and makes the air- 
fuel ratio of the exhaust gas flowing into said 
SO* absorbent rich when the SO* should be 
released from said SO x absorbent 20 

2. An exhaust purification device of an internal 
combustion engine according to claim 1, 
wherein the NO* absorbent contains at least 
one member selected from alkali metals con- 25 
sisting of potassium, sodium, lithium, and 
cesium, alkali earths consisting of barium and 
caicium, and rare earths consisting of lan- 
thanum and yttnum and platinum. 

30 

3. An exhaust purification device of an internal 
combustion engine according tc claim 1 : 
wherein the SO* absorbent contains at least 
one member selected from cooper, iron, man- 
ganese, nickel, sodium, tin, titanium, lithium. 35 
and titania. 

4. An exhaust ounfication device V a r interna! 
combustion engine according tc claim 1, 
wherein the S0 X absorbent contains the plati- 40 
num. 

5. An exhaust purification device of an internal 
combustion engine according to claim 1. 
wherein all the exhausi gas discharged from 45 
the engine flows into tne SO, absorbent and 
the NO* absorbent. 

6. An exhaust purification device of an interna! 
combustion engine according tc claim 5, 50 
wherein the S0 X absorbent ano the N0 X absor- 
bent are arranged in one casing. 

7. An exhaust purification device of an internal 
combustion engine according to claim 1, 55 
wherein said air-fuel ratio control means con- 
trols the air-fuel ratio of the exhaust gas flow- 
ing into the S0 >; absorbent by controlling the 
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air-fuel ratio of the air-fuel mixture burned in 
the engine: tne SO x containec in tne exhaust 
gas is aosoroed into the SO>, absorbent when 
the air-fuel ratio of the exhaust gas flowing into 
the SO >: absorbent is maintained lean by main- 
taining the air-fuel ratio of the air-fuel mixture 
burnea in tne engine lean, while the NO x con- 
tained in the exhaust gas is aosorbed into tne 
NO* absorbent 

8. An exhaust purification device of an internal 
combustion engine according to claim 7, 
wherein said air-fuel ratio control means re- 
leases the SO x from the SO x absorbent and. a: 
the same time, makes the air-fuel ratio of the 
air-fuei mixture burned in the engine rich when 
the NO x should be releasee from tne NO x 
absorbent. 

9. An exhaust purification device of an internal 
combustion engine according to claim 8. 
wherein when said ar-fuel ratio control means 
should release the SO> from the SO >: absor- 
bent and, at the same time, release the NO* 
from the NO x absorbent, it first makes the air- 
fuel ratio of the exhaust gas flowing into the 
SO* absorbent and tne NO x aosorbent a first 
aegree of richness determined m advance, and 
then maintains the same at a rich state by a 
second degree of richness smaller than this 
first degree of richness. 

10. An exhaust purification device of an internal 
combustion engine according to claim 9, 
wherein said air-fuel ratio control means con- 
trols said first degree of richness and second 
aegree of richness ir accordance with a tem- 
perature rep-esentative of the temperature of 
the SO x aosorbent. 

11. An exhaust purification device of an interna! 
combustion engine according to claim 10. 
wherem the temperature representing the tem- 
perature of the SO> absorbent ts the tempera- 
ture of the exhaust gas flowing into the SO x 
absorbent. 

12. An exhaust purification device- of an interna! 
combustion engine according to claim 10. 
wherein said air-fuei ratio control means makes 
said first degree o £ richness larger as the tem- 
perature representing the temperature of the 
SO x absorbent becomes higher. 

13. An exhaust purification device of an internal 
combustion engine according to claim 12. 
wherein said air-fuel ratio control means makes 
the time for which the air-fuel ratio of the 
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exhaust gas is maintained at said tirst degree 
of richness shorter as the temperature repre- 
senting the temperature of the SO x absorbent 
becomes higher. 



wherein said air -fuel ratio control means makes 
said degree of richness larger as the tempera- 
ture representing the temperature of the NO x 
absorbent becomes higher. 



14. An exhaust purification device of an interna! 
combustion engine according to claim: 10, 
wherein said air-fuel ratio control means makes 
saic second degree of richness larger as the 
temperature representing the temperature of 
the SO x absorbent becomes higher. 

1 5. An exhaust purification device of an internal 
combustion engine according to claim 10, 
wherem said air-fuel ratio control means makes 
the time for which the atr-fuel ratio of the 
exhaust gas is maintained at said second de- 
gree of richness shorter as the temperature 
representing the temperature of tne SO x absor- 
bent becomes higher. 

16. An exhaust purification device of an internal 
combustion engine according to claim 8 
wherem said air-fuel ratio control means makes 
the air-fue! ratio of the air-fuel mixture rich so 
as to release the NO* from the NO x absorbent 
with a time interval shorter than the time inter- 
val at which it makes the air-fuel ratio of the 
air-fuel mixture rich so as to release the SO x 
from the SO x absorbent and release the NO x 
from the NO x absorbent. 

17. An exhaust purification device of an internal 
combustion engine according to claim 16, 
wherein said air-fuel ratio control means first of 
all makes the air-fue! ratio of the exhaust gas 
flowing into the SO x absorbent and the NO y 
absorbent the predetermined degree of rich- 
ness when the N0 X should be released from 
the NO x absorbent, and then maintains the 
same at the stoichiometric air-fuel ratio. 

18. An exhaust purification device of an internal 
combustion engine according to claim 17, 
wherein said air-fuel ratio control means con- 
trols said degree of richness in accordance 
with a temperature representative of the tem- 
perature of the NO* absorbent 

19. An exhaust purification device of an internal 
combustion engine according to claim 18, 
wherein the temperature representing the tem- 
perature of the NO x absorbent is the tempera- 
ture of the exhaust gas flowing into the NO x 
absorbent. 

20. An exhaust purification device of an internal 
combustion engine according to claim 18, 
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comoustion engine according to claim 20, 
wherein said air-fuel ratio control means makes 
the time for which the air-fuel ratio of the 
w exhaust gas is maintained at said degree of 

richness shorter as the temperature represent- 
ing the temperature of the NO x absorbent be- 
comes higher. 

75 22. An exhaust purification device of an internal 
comoustion engine according to claim 17. 
wherein said air-fuel ratio control means makes 
the time for which the air-fuel ratio of the 
exhaust gas is maintained at the stoichiometric 

20 air-fuel ratio shorter as the temperature repre- 

senting the temperature of the SO* absorbent 
becomes higher. 

23. An exhaust purification device of an internal 
25 comoustion engine according to claim 1, 

wherein: provision is made of a bypass pas- 
sage which is branched from the exhaust pas- 
sage positioned between the SO x absorbent 
and the NO x absorbent so as to bypass the 

30 NO x absorbent, a switch valve arranged at the 

branch portion of the bypass passage from the 
exhaust passage, and a valve control means 
which performs the switching control of said 
switch valve so as to selectively introduce the 

35 exhaust gas to either of the NO x absorbent or 

the bypass passage: said valve control means 
holds tne switch valve at a position at which 
t.ne exhaust gas flows into the NO ; . absorbent 
when the NO x should be released from the 

40 NO x absorbent and switches the switch valve 

to a position at which the exhaust gas flowing 
into the bypass passage when the SO x should 
be released from the SO x absorbent; and said 
air-fuel ratio control means lowers the oxygen 

45 concentration in the exhaust gas flowing into 

the NO x absorbent when the NO x should be 
released from the NO x absorbent and makes 
the air-fuel ratio of the exhaust gas flowing into 
the SO x absorbent rich when the SO x should 

so be released from the SO x absorbent. 

24. An exhaust purification device of an internal 
comoustion engine according to claim 23, 
whereir said valve control means and said air- 

55 fuel ratio control means hold the switch valve 

at a position at which the exhaust gas flows 
into the NO x absorbent when the SO x should 
be released from the SO x absorbent and, at 
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the same tinne. make the air-fuel ratio of the 
exhaust gas flowing into the SO>, absorbent 
ncr, and thereafter switches the switch va've 
to a pos'tio^ a! which the e> haus: gas flows 
intc the bypass passage and. at the same 
time, continuously maintains tne air-fuel ratio o* 
tne exhaust gas flowing into tne SO x aosorbent 
r-or . 

25. An e-naust purification device of an internal 
combustion engine according to claim 23. 
wherein said valve cont-ol means and said air- 
fue 1 ratio control means hold the: switch vaive 
at a pos'tio- at which the e>'haus: gas flows 
mrc t^e bypass passage wnen the SC> should 
be released from tne SO. aosorbent ana. at 
the same time, make the air-fuel ratio of the 
exhaust gas flowing into the SO* aosorbent 
r>ch. and thereafter switches the switch vaive 
to the position at which the exhaust gas flows 
into the NO x absorbent and, at the same time 
continuously maintains the a^-fuei ratio of the- 
exhaust gas flowing into the SO* absorbent 
nch. 

26. An exhaust purification device of an internal 
combustion engine according to claim 23 
wherein said valve confol means and said air- 
fuel ratio control means hold the switch valve 
at a position at which the exhaust gas flows 
tntc the NO* absorbent if the temperature re- 
presenting the temperature of the SO> absor- 
bent is lower than the predetermined set up 
temperature when the SO* should be released 
from tne SOx snd, at the same time, make the 
air-fuel ratio ot the e<haust gas flowing in:o the 
SO* absorbent rich, and the f eafter switch the 
switcr valve tc a ocsitior a' wni:t- the e>-aus* 
gas flows into the bypass passage and. at the 
same time, continuously maintain the air-fue ; 
ratio of the exhaust gas flowing into the SO> 
absorbent rich; said valve control means and 
said air-fue; ratic control means switch the 
switch vaive tc- a position at which the exhaust 
gas flows into the bypass passage if the tem- 
perature representing the temperature of the 
SO* absorbent is higher than the predeter- 
mined set temperature when the SO >; should 
be released from the SO, and, a: the same 
time, make the air-fuel ratio of the exhaust gas 
flowing into the SO x absorbent rich, and there- 
after hold the switch valve at a position at 
which the exhaust gas flows into the NO x ab- 
sorbent and, at the same time, continuously 
maintain the air-fuel ratio of the exhaust gas 
flowing into the SO x absorbent rich. 



27. An exhaust purification device of an internal 
combustion engine according to cairn 1. 
wherein provision is made of an NO* releasing 
control means which lowers tne oxygen con- 

5 centration in the exhaust gas flowing into the 

NO > absorbent exactly fo" a second set oenod 
cetermmed in advance so as to release the 
NO* from, the NO, aosoroent wner tne pence 
for which the air-fuel ratio of the e>haust gas 

to flowing into tne NO x absorbent is made lean 

and the NO* is absorbed into the NO x aosor- 
ten: exceeds tne predeterminec first se: pe- 
riod 

75 28. An exhaust purification device of an internal 
combustion engine according to claim 28. 
wherein said NO* releasing control means pro- 
vides an NO„ amcunt estimation means which 
estimates the amcunt of NO* absorbed in the 

2D NO* absorbent- and said NO* releasing control 

means decides that said first set oenod has 
elapsed when the NO* amount estimated by 
said NO* amount estimation means exceeds a 
predetermined ma>imum value. 

25 

29. An exhaust purification device of an internal 
combustion engine according to claim 28. 
wherein said NO* amount estimation means 
oecides tnat the amount of NO>. absorbed in 
30 tne NO* absorbent exceeds said maximum val- 

ue when tne cumulative value of the engine- 
rotational speed exceeds a predete-mmed set 
value 

35 30. An exhaust purification device of an internal 
combustion engine according to claim 30. 
wherein saio NO* amojnt estimation means 
estimates the amount o* NO, absorbed mt: t^e 
NO* absorbent from the amount of NO* con- 

40 tained in the e>;haust gas when the ar-fuel 

ratic of the exhaust gas flowing into the NO* 
absorbent is lean estimates the amount of 
NO* released from the NO x absorbent based 
cn the degree of richness of said e>haus: gas 

45 when tne air-fuel ratio of the exhaus* gas flow- 

ing into the NO* absorbent is rich and based 
on the temperature representing tne tempera- 
ture of the NO, absorbent, and estimates the 
amoun* o1 NO* continuously absorbed into the 

so NO K aosorbent from th:s estimated NO K re- 

lease 

31. An exhaust purification device of an interna! 
combustion engine according to claim 30. 
55 wherein said NO* releasing control means de- 

cides that said second set penod lias elapsed 
when the NO* amount estimated by said NO* 
estimation means becomes smaller than a pre- 
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determined minimum value. 

32. An exhaust purification device of an interna! 
combustion engine according to claim 1, 
wherein provision is made of an S0 >; releasing 5 
control means which makes the air-fuei ratio of 

tne exhaust gas flowing into the S0 X absorbent 
rich exactly for a seconc set period deter- 
mined in advance so as to release the S0 X 
f-om the SO x absorbent when the period for w 
which the air-fuel ratio of the exhaust gas flow- 
ing into tne SO x absorbent is made lean and 
tne SO* is absorbed into the SO x absorbent 
exceeds the predetermined first set period. 

75 

33. An exhaust purification device of an internal 
combustion engine according to claim 32, 
wherein said S0 X releasing control means pro- 
vides an S0 X amouni estimation means which 
estimates the amount of NO* absorbed in the 20 
SO* absorbent; and said S0 X releasing control 
means decides that said ; irst set period has 
elapsed when the S0 X amount estimated by 

said SO* amount estimation means exceeds a 
predetermined maximum value and decides 25 
that said second set period has elapsed when 
the SO* amount estimated oy said SO y amount 
estimation means becomes smaller than a pre- 
determined maximum value. 

30 

34. An exhaust purification device of an internal 
combustion engine according to claim 33, 
wherein said SO y amount estimation means 
estimates the amount of S0 X absorbed into the 

SO v absorbent from the amount of SO x con- 35 
tained in the exhaust gas when the air-fuel 
ratio of the exhaust gas flowing into the S0 y 
absorbent is lean, estimates the amount o ; SO, 
released trom tne SO x absoroent based on tne 
degree ot richness of said exhaust gas when 40 
tne air-fuei ratio of the exhaust gas flowing into 
tne SO x absorbent is rich and based on tne 
temperature representing the temperature of 
the SO>. absorbent, and estimates the amount 
of SO x continuously absorbed into the SO x 45 
absorbent from this released SO x amount. 

35. An exhaust purification device of an internal 
combustion engine according to claim 1, 
wherein said air-fuel ratio control means con- 50 
trols the air-fuel ratio of the exhaust gas in tne 
exhaust passage and makes the air-fuel ratio 

ot the exhaust gas flowing into the SO x absor- 
bent rich when the SO x should be released 
from the SO x absorbent 55 

36. An exhaust purification device of an internal 
combustion engine according to claim 35. 



wherein said air-fuel ratio control means feeds 
a reduction agent into the exhaust passage 
when the SO x shouid be released from the SO x 
absorbent. 

37. An exhaust purification device of an internal 
combustion engine according to claim 36, 
wherein the above-described reduction agent 
is composed of at least one member selected 
from gasoline, isooctane, hexane, heptane, bu- 
tane, propane, light oil, and lamp oil. 
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